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JUIUDUUUUUUDUDUUDUDUUUUUDUDUUDUDUDUDUUDUDUDUUUU 
JIUUUUDUDUUDUDUUDDUUDUDUDUDUUUUUUUUUUUuuoDuuunob 
IIUUUUDUDUUUUDUUDDDUUDDUDUDUDUUUUUUUUUuDUuUuUunoD 
JUIUUUUUUDD UUUUUUUUUUDUDUUDUUUDUDDUDUUUUWD 

JUIUUIUOUUUDUUUUDUUUUUDUUUUUDUUUUDDUD 

>DUDUIU UUUUDDUDUUDUUDUDOUOUUUUUUUuUUuUuUuununu 
JUIUUUUUDUDUUUUDUDUDUDUDUUUUUUUUDUuDUUUuDUuDUDD 
JUIUUUUUUUUDUDDUUUDIUUUUDUODUUUDUODUUUUUDUUOLU 

2) 010080 PUunuUuDungununuuuuuuunuguuuuuuuuuuu 
JUIUUUUUDDOUUUUUUUUUUUUULU 

30000 UDUUDUUUUUUUUUUUUUuDnunuUnDnonuuuuuou 
JUIUUIUOUUUUDUDUUUUDDUUUUDUUUUUDUUOUUUUUDUUU 

491000 PlUUUDDUNUUNOUOUUUUUUUUUUUUUUUDUDUDU 
JUIUUIUUUUDOUUUUDUNUUUUDDUUUUDUULU 

30000 UDUUUUUUUDUDUUUUUUDUUDUUDDUUDUUDUDODUUL 
JUIUUUUDUDUUDUUDUUDDUUDUDUDUDUUUUUUUUUDUUUuDUuUuno 
UUUOUUUUUUUUUUO 

UUUUUU 

JUUIUUIUUUUDUUUUDUUUUUUDUUUuU 

>LIUUUUUUUUUUUUUDDUUUDDUDUUUUUUULU 

2JIUNUIUUUUUUuuUuUUuununuDuUnngnDnuuguguuuuuunw 
ODI 

»ÜÖUÖUÖUUOUUUÖUUHOUOUOUÖUUODUOUUUHUDU 

2UUDuuuuPuuUuuUunDuDnguUuUnouiuuuuguugPuuuununuwbu 
JUIUUUUDUDUU—dUDUUUUUUUNUUUUUNUNUUUDDOD 

»UUNUIUDUUUUUUUUUUDUDUUUUDUDDUUUOUUDUDUUUULU 





[1] [] [J Design Patterns:Elements of Reusable Object-Oriented Software by Erich Gamma et al., Addison-Wesley, 1995[] 
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LHIUUUDUD 

UUUUUU'UUUUUUUUUUUUU'UUUUUUUUUUUUDUUUUD 
JUIUDUUUDUUDUUDUUDDUUDDUDUUUDUUUUUUunuUuNuuuuunoD 
JIUDUUUDUUDUUDUUDUDUUDDUDUUUUDUUUUUUDnuuuunuuunoD 
JUUDUUDUDUUUUUUDDDUUUUUUUUUDUUUDDUDUUUDDUUWUU 
UUUOUUUUUY OOPYOUCHOUUGUUUUUUUUUUUUUUUUUUUUUUO 
JUIUUUUUDDUUUD “UUUUUUUUO 

2,0HUUUUUU 

JUIUDUUUUDUUDDUUDUUUUUDUDUUDUDUNUUDDUDDUDUUUU 
JIUUUDUDUUUOUUUDUDUUDDUDUDUDUUUUUDUUDUUUUHUUUD 
JUIUUUUUUUUUDUUUUUUDUUUUUUUUUDUUUUDUDDULUDU OOP 
UHUUHUUUUUUUUUUUUUO 
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JUIUDUUUUUUODDUDDUUUUUDUUUDUUUUUDUDUDUUUUUUUL 
JUIUDUUUODUUUDUUDUDUDUDUDUUUUUUDUUUUDUUDUDUUDD 
JUDUUUUUUUDUUUUDUUUDUUDUDDIDUUUUDUUUUUUUUUUD 
10000000000U —00000°400 0 

1.0000 

JUIUUIUUUUODUUUUUUUUDDUUDUDUUDUUUUDUDDDNn C+ 0L 
IUIUUUUIUDUUDUDUUUDUUDUDUDUUUUDUUUUUUuUuuUuuuuuunoD 
JUIUUDDUUDUDUNUUNUUUDUUUU 

JUlUUUDUUUUDUUUDUUUUDUUUDUUUUUUUDUDUUUUD 
UUUUUDUUUUUUUUUUUUUD'UU'”'UUUDUUUUUUUUUUUDU 
ANNA 

>LUUU UUUUUDDUUUUDUODUOUUUUUUUUUUDUDUDUUUDUDUD 
JUIUDUODUUDDUUDUDUDUUUUDUUUUDUUDUDUUDUUDUDUDUUUU 
JUIUUDUUDUUDDUUDUDUDUUUUDUUUDUODUUDDDUUDDUDUUUU 
UUUUU 

YUUO uUuuUuUuuUuungunnnuununnlununuuUuunuununwnu 
IUUuUuuuUuuuuUuuUuuuUDuu UUUUUUUUUUUUUDUuuU'uuuu 
JUIUDONUIUUUDUUOUUDUOUUUUUDUUOUUUUUUUU 


[1] A reference to vampires made in The Mythical Man-Month, by Fred Brooks, Addision-Wesley, 1975[] 
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2. JHOUOHU 

JUIUUIUUUUUUUUUDUUUUUUDUUUUDUUUUDDUDUUUu 

NOUUUY 

YOUOUUUUUUUUUUUUUUUUUUOU 

JUIUDUUUUDUDUUDUDUDUUUUUDUDUUDUDOUUUDUDUDDUDUUUL 
JnUUuUUunDuuuu 

3. 0 0 OL 

JUIUUUUDUUDUUDUUUUUUDUUUUDUDUUDD 

JUIUDUUUUDUUUDUDUDUUUUUUDUUDUUOUUDUDUDDUDUUUU 
JIIUUIUUUIUUuUuDUDUUuUuuUUuuUUunuUuuUuuuutuuuuuDnnDUuuunuU 

>)DLIUUNUUUUUUUUUUUUUW OOOO” OOUDOUN 
JUIUUUUDDDDUDDLIUUODUUUUODUUUUUDUODUUUUDUuuunu 

2uuIumlUuDuDguDguUuuDnnDnuuunuuuugnuguuguuuuuuuwuu 
JUIUUUUUUUUUUUDUUUUDDOD 

3UUUUIUDuuwU OUUU” L 

AUUUUOUUOUUUUUUUUUOUUUUUUUUUUUUUUUUUNLU 
JUIUUUUDUUDUDDIUUUUUDUUUUDUUUUDDOD 

)SUÖUÖHOUOUUOUUOUOHOU cüU 
JUIUUUUUDDOOPIDUUUUUDUUUUUDDUUUUDDOD 

olunlUnuluguDnluuunnDUuunuguDUuuuuDnuuuunnonnoD 

ApPUUUUUUUUUDUDDUDUUNUUNUOUONUUUUUUUUUUUuUununwnu 
JUIUUUUUDUDUUUUDUDUDUDUDUUUUUUUUDUDUUUuDUuUDD 
UOUUUU 

4. JOUUÖUUÖUUUUU 

000D Michael Wik I IUDDUUUUDUUDUDUUDUUUUUUUUDDUU 
JUIDUUUDUUUUUUUUUUunuuPuDuSDUuDUoSHUUunuUununuwu 
JUIUUUUUUUUUUUUUDUUDUUDUOUUUUUUUUU 

UIUUUUUUUUUUUUUUUUUUUUUUUUUUDuuuuuuuu'u 
UU" UUUUUUUUUUUUUUUDUUUuuUuunuuUuUuuUUuuUUuuUDUuuUuunoD 
JUUUUUDUUUUUUDDUUUUDUUUDUUDUDUUDUUDUUUDDDUUDU 
UUIUUuUu uUuUu'UDUUuDUuguUUuUUUuuuUuuunwD 

JUIUDUUUUDUDUUDUDUDUUUUUDUDUUUOUOUUUDUDUDUDUUUL 
HUUUUOUUUY OOPYHUHUUUUUUOUUUUUO 

De 1 E 

JUIUDUUUUDUUDUUDUDUUUUUDUDUUDUDUDDUUDUDUDUUUU 
JIUUUUDUDUUDUUUUDDUUDUDUDUDUDUUUUUUUUuUuuoDuuunoD 
JUIUUUUDUUUUUUDUUDUDUUDDUDUDUDUUUUUUUDUUUuDUUUD 
JUUIDUUDUDUUDUUUDUUUDDUUUDUDUUUDUUUUUUUUUuDu 
JUUUDUUUUUUDUUUDDDUUUUUDUUDUDUUUUUDUDUUDUDDUUuu 
JUIUDUUDUUDUDUUUUOUOUUUUDUUUUUUUuDnnDnnunununo 
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HOOUOOUOUUUUUU uUuunununuunnuuuuuu”'nunuuuuunm OUNI 
INnnDUUUUUUUnDDUUUUUUUD TIUIUUUUUUUDDUUUUHUHUDDD 
HOUOUUUUUUUU 

O0 OUUU O U LU Software Creativity[] Robert Glass[] |] Prentice-Hall,1995[[ UOU OUUU 
HOUUUUUUUUUUUUUUUU' GlasHOUUUUUUUUUUUUUUUUUE 
O O O PJ-Plaugr] OO I UI Ui Ii Ii Ii ui ui i I i I Ui uu I i i i Ii ui uii ui i i I Ii I'L 
IUnNnHUUDDDUUUUDUNHDDUDDDUUUUUDNHNHDUDUDDDUDUUUUDUNHDUDD 
100000000000000U0U00U0U0U0U0UU0 "LL 

[] O O [11 Peopleware[] Tom Demarco [] Timothy Lister [] [| Dorset House,1987[]] U O UU 
INUNHDUDDUUUUUNHDDUDUDDUUUUDNHDDUDUDDUUUUDNHDDDDDOL 
INUDUDDUUUUUDHDDUDDUUUUDNHDDUDDUUUUDDNHDDDDDOL 
UIDuUHUHUUUUDDUDDDUDDDUDUDUDUDUDUUHDUUUUUUHUUUDUUDDDDDUDUL 
HOUOUUUUUUUUUUUUU XYZUUUUUUUUUUUUUUUUUUUUUOO 
HOUOUUU 

O0 O LI OL] Complexity, M. Mitchell Waldrop[] [] Simon & Schuster, 1992[0 OUUU Ll 
Santa Fe, New Mexico] l] ll Il UI I I Uu 3 i Il ui I Ui Ui i lIu ui i i i pi UI Ii I. LU 
IDDuUnnuunnunnuunuunnuunnuunnunnunnunnDnHnHDDUDD DD 
HOHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOUUUUo 
HOHUUUUEUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUUUUo 
HOHUUUUEUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUUUUo 
INUDUUHUDDUUNHDUDDUDDUNHDDUDDDDUUDHDDUUDDUDUDUDUDDHDDUUD 
OUUUUOUOUUUUOUOUOUOUOUOUUUUUU 


14 IUDUDUUUD 


JUIUUUDUDUUDUUUUDDUDUU—UUUDUUUDnDuUuUuUuuuuuunu 
JIUUUUUDUUUUDUUDDUUDUDUDUUUUUUUUUUuUuuUuDuununob 
UUIUUUDnuUu”"uUUUun”"uUuuuUuD”DUuuUuDnum UUUU” UU U Robert McKee “'[] [| 
JIUDUUUDUUDUUDUUDDUUDDUDUUUUUUUUUUUUuUDUuDUuUuno 
JUIUUIUUUDDUUUUUDUUDUUUUUUUUUUUUUUUUDUUUUDDUuUu 
JIUUDUUUDUODUUDDUDDUUDDUDUUUUUUUUUDUDUUUDUUUD 
JUIUUUUDnuUuuunsnnuDuDuUnnnmuuno 

JUIUUUDUDUUDUDDUUUDUUUUDUUDUUDUUUDDUUDUDUUUUD 
JUIUUIUUUUUUDUUUUUUUUDUUUUUUDDnOUuuUnuDnnUl MeKeel][] 
JUIUDUUOUUDUDUUDUDUDUUUUDUUUUDUDUUDDDUDUDUDUUUU 
JUIUUUUDUUUUUUUUDnunu 

JUIUDUUUUDUDUUDUDUDUUUUUDUDUDUUDUUDDUDDUDUUUL 
HUUOUUUUUY 





ll] 00000 “00° 000 Object Lessons Tom Love[] , SIGS Books, 1993[] 
[2] Through Two Arts, Inc.,12021 Wilshire Blvd. Suite 868, Los Angeles, CA 90025[] 
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JUIUDUODUOUUUUUDDUUUUUUDUUUUDUUDDUDDUUUUUUUU 
JUIUUUUUUU 
>UDUDUDDUDUUDDUDDUUUUUUDUD cU UU UI iu Uu Uu Uu I Uu Ui .LU 
JIUUUDIUUDUDUUDUUDUDUUDDUDUDUDUUUUUUUDUUUuUUHuUUuD 
JUIUNUUUUDDUUUUDDOD 
2JIUUIUUUUUDUUDUUUUDUDUUUDguDunDugDuoDuuuuuuuuu 
JUIUDUUUDUDUUUUDUDUDUUDUDUUUUUUUUDUuUDUUuoUDuuouno 
UNnIUUUUUuUuUUDuuUUDUuuuUDnuuUDunuuUc—UnmuUuuuuuUunu'ouu” 
UOUUUUU 
JUIUUUUUDUUDDUUDDUUUUUUUUDUUUDUDUDUUUUUUUuno 
JUIUUUUUNUUUUUUUDUUUUUUUDnnDuoDuuuunnuu DBMSU OHU 
JUIUUIUDUNUUDUUUUUUUL DBMSHOUUUOUUOUUUUUUUUUUUUUUO 
JUIUUIUDUUUDUUDDDU wild-card] DOUUUUUUUUUUUUUUUUUUUO 
UOUU0 UG wid-ard]l]—IUUUDngDlUuuUDuunnuDuuUuuUuununuuu"uubo 
JUIUDIUDDDUDUDUUDD wild-card QUUUOUUUUUUUOUUUUUUUUUUOO 
JIUUDUUUDUDUUDUUDDUDUUDUDUUUUUUUUUDUUDUUUuDUUDD 
UUIgDIuUuuUnunuUuUUuuUuuuUD—”DUUguUDnuuuu uUuu'UDUuuuUunuUuUunD 
UOUOUUOY wid-ardl OO UU UU 3 Uu UD Uu Uu Uu u UU Uu UU I U I UU. 
JUIUDIUUDUUDUDUUDD UD wild-crd] lU Uu Uu Uu Uu Uu Uu Uu i UU UU 
UUUUUUUDUUUUUUUUUUUUUUUUDW uUUUUuUuuuuuwunu'uu 
OOPHHUHUUUYUOUUOUUOUUHUUUUUUUUUUUUUUUUUUUUUUUUUO 
JUIUUDUUUDUUDUUDDUUUDUDUDUUUDUUUUUUUUDUUUUuuunob 
JUIUDUUUDUUDUUDUUUDUDUDUUUDUUUUUUUUUDUuUUUuuuunob 
JUIUUUUL 
JUIUUDUUUUDUUDUDDUUUUUUDUODUUDUUDUUDDUUUUUUULU 
JIUUUUUDUDUUDUUUUDUDUDUUUDUUUUUUUUDUuUUuUuuunob 
JUIUDUUUDUDUUDDUUUUDUDUDUUDUDUUUUUUUUDUUUUuuunoD 
JUIUUUUDUUUUUDDUDDUUDUUODUUUUUDULU 
HOU 
JUIUDUUUUUUDUDUDDUUUUUUDUDUUUUDUUDDDUUUUUUULU 
JIUDUUUUDUDUUDDUUUUDUUDUUDUDUUUUUUUUDnUuUuUuuuuunoD 
HOUOUUUUUUUUUS Books" 0 O0 UUIUUIUUUUUUUUUUuuUUuuDu 
IUUUUDUDUUU—UUUUDUDUunuuuUunununuSuuuoDnuuunoD 
JUIUUIUUUUUUDUUDDUUDUDDUDDUDHDDHDUDU D” 
JUIUUUUUDUUDNUOUONUUUUUUUU 
JUIUDIUDUUUUUUDUUUDUDnUuuDnuDnnuuoonuuuuumuuuuuuu 





(1 OUOÖUÖUOUUUUOUOUOUOUOUOUOUODUUU LIL wid-crd]lllllDDODDUDUDUDUUnuuuuuunnunnmunnw 
OÖOOU 
[2] The Mythical Man-Month, [] OUUU 
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JUIUDUODUUDDUUDDUUDUUUUDUUUUDUODUUDUDDUDUDUDUUUU 
JIUUIUUUUDUUDUOUUUUUDDUUNU “UUUUUDUUDUUDUUUDUUUD 
JUIUUUDUUDUUDUUDLIUIUUUUUDUUUUDUUunuUuuuuUunuuuuuuunb 
UOUUCHUOHUUHUUUUUUUOUUOUUUUUUUUUUUUUUUUUU 
JUIUUUDUUUUUUUUUUUuuUuuuuunuuuuunuuunuuun “UD 
JIUDUUUDUUDUUDUUDDUUDDUDUUUUUUUUUUDUUUDUUUuD 
JUIUUUUUDUUUUUDUUUUUUUUDUDUUUUUUUUUUUDUUUuDnnuuwuu 
JUUUUUDUUUDDUUDUUDUUDUDUUUDUUDUUUUUDUDUUUUUUDuU 
JUIUDUIUOUUUDOUUUUDUNUUUUDDUNUIUUUUUUUUUDUUUUDDUD 
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JUIUDUUUUDUUDUUUDUUUUUDUDUUDDDUDUUDUDUDUDUDUUUU 
JUIUUUUDUDUUDUDUUUDUUDDUDUUDUDUUUUUDUDUuUUuuuuuno 
JnIUNUIUUUIUDUUUUUUUUUUUUUUUDUUUDUDUUUUDDUUUuDuuwuu 
UUUOUUUUUU 

JIUDUUUUDUUDDDUDUUUUUDUDUDUODDUNUUDUDDUDUUDUU 
UIUUUUDUDUUDUUUDUDUUDUUUUDUUUUDDUUDUUUDUUUDUU 
UUIUUIUUUUUUUDUUDUUUUUUUUUDUUUU UUUUuunuU' uuuu 
JIUUUUDUDUUDUDUUUDUUDUDUDUDUDUUUUUUunuuuuuuunoD 
UNUIUUUUUUUUUUU UUUUUUUUUUDuUuUDnuunnwuw' 


1.4.3 [] [J (treatment) 





JUIUUDUUUUDUUUDUDUDUUUUUDUDUUDUDUDUUUDUDDUUDUUUU 
JUUIUUUUDUDUUUUDUUUDUUDUDUDUUDUDUUUUUUUDUuUUuuuuunob 
JIUUUUUDUUDUDUUUDUUDUDUDUDUDUUUUUDUDUUUUuuuno 
JUIUUDUUDDUDUUNUDUUUUUUUUUUUUUDUuUDu 

JUIUDUUUUDUUUDDUDUUUUUDUUDUDUUUUDDUDDUDUUUL 
UU 
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JUUDUUDUUUUUUDUUDUDUUDUUUUUDUUUDUDUUDUUDUU 
JUIUUOUUUUDUUUUDUOUUUUUDUUUUUUUUUU 

OOO 

JUIUDUUUDDODUUUUDDUUUUDDUUUUUUNUUUUUUUU 


a IUUDDUDUDUDUD Microsoft Word] JOÖUHÖUOUÖHUOOUÖUUODOUODUODODOUOUODODOUU 
2] UIUIDDUIDUUDUUUDUUDUUDDUDDDODDUUIUDUIUDUUUDUUDUUDUUUDHDUD 
HOU 
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Il UIUU'U UU'U OU 0 UUI”' UUUUDDUUUuUUUuuUUUuuUuUUuUUUuuU 
IUUDUUUUU' UU”UUUDUUUUUUUUUDUUUUUUUUUUDUDUULl 
JUIUUUUUUUuUunuDnuDuUunnunnuunno 

JUIUUUUOUUDUUDDUUDDUUUUUUDUDUUDUDUUDUDUUUUUUUL 
0O OL 

20000000L 

JUIUDUUOUUUUUUDDUUUUUUDUDUUDUDUUDUDUUUUUUUU 
JUIUUIUUUDUUUUUUUUUUUUUUDUUUUDDUUUDDUUUDDUUU 
JIUUDUUUDUDUUDUUDUUDUDUUDUUDUUUUUUUUDnUuUuUuuuuunoD 
JUIUUUUUDUUDUUDUUDUUDDUUDUUDUUUUUUUUDUUUuUuuuuno 
JUIUUUUUUUDUUUDDUUDD 

UUIUUUUUUUUUUDUUUUDUUDuuUuuunu uUUu”"UUUuUDUUDuUuUDLl 
JIUDUUUDUDUUUUUUDDUUDUUDUUUUUUUUDUuuUUuuuuunoD 
JUIUUIUUDDDUUUUDUDUDUUUNUOUOUUUUUUUUU 

JUIUUDUOUUUUUDUUUDUDUUUUUUDUDUUDUDUUDUDUUUUUUUu 
JUIUUIUUUUDUUUUUDDUDUUDUUDUDUD derived:publicbase] VHOUUUUUU 
JUIUUUDUUU 

JUUDUUDUUUUUDUUDUDUUDUUUUUDDUUDUDUUDUUDUU 
JIUUUUUUUUDUUDUUUDUDUDUDUDUUUUUUUUDUUUUuUunoD 
JUIUUUUDUUDUD 

JUIUDUUDDUDUUU Occam’s Razorl] IU I UU ui iu iU Uu i Uiuuiunouu 
JUUUUUUUUUDUUUDUUUDUUUDUUUDUUUDUUUDUUUDUU 
UU 

JUUUDUUDUUUUUDUUDUDUUDUUUUUDDUUDUDUUDUUDUU 
JUIUUUUUDUDUDUDUUUNUOUUUUUUUUUUUUUUDuDuDUouno 
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3UUUUuuuuunu 

UUIUUDUUUUUUUDUUUUUDnuuUuuuunuu UUUUuDuuu'u'u 
UUIUUUU'UUUUUU'”UU”DUUUUUDUUUUUUUUUUUUUUUUD 
UUIUUNnUUUUUorUUUDDUUUUunu” uUU'UUUUDoopUDUlUUUDUUUUuno 
JUIUDDDUUD 

JUIUDUUUUUUUDDUDUDUUUUUDUDUUDUDUUUDUDDUDUUUL 
JUIUUUDUUDUDUDUUDUDUUDUDUDUDUDUUUUUUUUuUuuuuuunob 
JUUUDUUUDUUUDUUDUUUDUUUDUUUUDUUDUUUDUDUDUDLU 
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JUIUUUDUUUDUDUUDUDUUDUDUDUDUUUUUUUUUUuUuuuuuunob 
JnIUUDDUOUOUOUUUUUuUUunUuunuUuuUUuunuUuununuDnuuuUunwuno 
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UOUUUUUUUUUOUOUUUUUUUOUUOUOUUUUUUU 

HOUUUUUUUUUUUUUUUUUUUUUUUUUUU8 main0 II UI I LU 
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UOUUUU 
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UIUuguuuuuuuuuuuuUUuUuuuuuuuuunnnnnnnnnnnuUuUwuno 
(OU OU OO Oo ULU Rich Text Format RTF][] U UO U 

HOUUUOUUUUUUUUUUUUUUUUUWUUUUUUUUUUUUUUo 
A U E E U e U G e G E A G e A 

)SULUOUOUUUUUOUUUOUUUUUOUUOUOUOUOUOUUUUOUOUOUOUUOUUUUNU 
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luuuuunuununuguuuuuuuuuuuuuuuuuuuuuuuUuuUuuuuuun 
HOUOUUUUUUUUUUUUUUUUUUUUUUW 
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/*: DECLARE.C -- Declaration/definition examples */ 
extern int i; /* Declaration without definition */ 


extern float f(float); /* Function declaration */ 


float b; /* Declaration & definition */ 
float f(float a) ( /* Definition */ 
return a + 1.0; | 


) 


int ì; /* Definition */ | 
int h(int x) ( /* Declaration & definition */ 
return x + 1; | 


main () { 
b = 1.0; 
i = 2; 
f (b); 
h(i); 


} 
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/*: LIB.H -- Header file: example C library */ 


/* Array-like entity created at run-time */ 


typedef struct STASHtag | 
int size; /* Size of each space */ 
int quantity; /* Number of storage spaces */ 
int next; /* Next empty space */ 
/* Dynamically allocated array of bytes: */ 
unsigned char* storage; 

} Stash; 


void initialize(Stash* S, int Size); 
void cleanup (Stash* S); 

int add(Stash* S, void* element) ; 
void* fetch(Stash* S, int index); 

int count (Stash* S); | 
void inflate(Stash* S, int increase); 


JUIUUUUDUDUUDUUDUUUUDUDUDU swell I UU uu Uâ3 UD Ii Ul u Uu LU 
UUUUU structYOUUU CHOHOUHUOUODUUUUUUUUUÖUUÖUUOHUOTEL typedef 
UUUOUUUUUY struct] VUUUOUUUUUUUUUUUUS serve O I UU I. L 


stash A, B, C; 


InUIunuuunuun CUHUUUUUUUUU c000 0 CUUUUUUL 
UULUUUUUUUOUOUOUOUOUOUOUUUOUOUOUUOUUUOUOUOUUUUU 
storage[] O O O O unsigned char OU CUUUUUUUOUCUUUUUUUUUUUU 
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HOUUUUUY void) UU Ui I I i i UU i Ui ui ii iP Uu i u 1i i u Di Uu Ii I 
IUUUUUDDDDDUUDUUDUU 
UÖUÖLÖUÖUUÖUUUUUUUUUUUUUUUUUOUOUOUUUUUUUUUOOULU 
OBJ] LIB[] DDL[] 1] I 0 0 
/*: LIB.C -- Implementation of 
example C library */ 
/* Declare structure and functions: */ 
tinclude "..\1\lib.h" 
/* Error testing macros: */ 
#include <assert.h> | 
/* Dynamic memory allocation functions: */ 
#include <stdlib.h> 
#include <string.h> /* memcpy() */ 
#include <stdio.h> 
void initialize(Stash* S, int Size) { 
S->size = Size; 
S->quantity = 0; 
S->storage = 0; 


S->next = 0; 
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void cleanup (Stash* S) { 
if(S->storage) | 
puts ("freeing storage") ; 


free (S->storage) ; 


int add(Stash* S, void* element) ( 
/* enough space left? */ 
if(S->next >- S->guantity) 
inflate(S, 100); 
/* Copy element into storage, 
starting at next empty space: */ 
memcpy(&(S->storage[S->next * S->size]), 
element, S->size); 
S->next++ j; 
return (S->next - 1); /* Index number */ 


void* fetch(Stash* S, int index) { 
if (index >= S->next || index < 0) 
return 0; /* Not out of bounds? */ 
/* Produce pointer to desired element: */ 


return &(S->storage[index * S->size]); 


int count(Stash* S) { 
/* Number of elements in stash */ 


return S->next; 


) 


void inflate(Stash* S, int increase) { 
void* v = 
realloc(S->storage, 
(S->quantity + increase) 
* S->size); 
/* Was it successful? */ 
assert (v); 
S->storage = v; 
S->quantity += increase; 
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UUUUUUDUUUUUUWU' UD 7 wUUUUUUUuuuUc—UUIUUUUUUuuuu 
UUUUUU 

JUUUUUDUUUUUDUUDUDUUDUUUUUDUUUUDUUDUUDUU 
JIUUDUUUUUUDUUDUDUUDDUDUUUDUUUUUUUUDuUuuuuuunoD 
JUIUDUUUUDODUUUDUDUUUDDUUUUUUUUUDUUUUDDUUUUUDDUD 
JUUDDUDDU freOoD ll lU UU free il lUlU uu uu iuuuunuuu 
malloc( )[] calloc()[] realloc JU I I i uu UI I Uu I i. UI. cleanup Ol UOUUUUUUUUO 
JUIUUUUDUDU 

JUIUDONUUUUDDDOUUDU san 0000 Dintd UUUUU son I Ui i I UU 
JUIUUUUDDUUUULUD 


/*: LIBTESTC.C -- Test demonstration library */ 
tinclude "..\1\lib.h" | 
#include <stdio.h> 





tinclude <assert.h> 
#define BUFSIZE 80 


main() { 
Stash intStash, stringStash; 
int 1; 
FILE* file; 
char buf [BUFSIZE] ; 
char* cp; 
/* .... */ 
initialize(&intStash, sizeof(int)); 
for(i = O; i < 100; i++) 
add(&intStash, $i); 
/* Holds 80-character strings: */ 
initialize (&stringStash, 
sizeof (char) * BUFSIZE) ; 
file = fopen("LIBTESTC.C", "r"); 
assert (file); 
while(fgets(buf, BUFSIZE, file) ) 
add(&stringStash, buf); 
fclose (file) ; | 


for(i = O; i < count (&intStash); i++) 
printf ("fetch(&intStash, %d) = d\n", i, 
*(int*)fetch(&intStash, i)); 
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1 = 0; 
while((cp = fetch(&stringStash, i++)) != 0) 
printf ("fetch(&stringStash, %d) = %s", 
i - 1, cp); 
putchar('\n'); 
cleanup (&intStash) ; 
cleanup (&stringStash) ; 


} 


l] main OD UL U3UU Uu Cu UU I UU.) sesh] I i Uu Uâ3Uu Uu Uu Uu UU UI LD 
JIUUUUDUDUDUDUUDUDUUUDUUDDUDUUUDUUUUUUDuuUuuuuunoD 
JUIUUUUDUDUUDUODDUUUDUUDDUDUUUDUUUUUDUDUUDUUUUUD 
UUUIUUUUUUUDUUDUUUUUUUUUUUUUUuUu UuUUuuUuuuUuuuu 
HOUOW UIUUUUUUuUuDUUUuUUUUuUuUUuUuuUUUuUuUuuuuUuUuuuu 
JUIUDDUUD DOLL 

intStashl] O UI]. stringstashll]PURHDUDHunnunnunuunuuoununo 
LIBTEST.C Il]. stringstash II I UU Uu 3 UU Uu I U UI UU UI I i CUOL 
OUOGLOUÖUOUOUOOUOOL stashi O0 00000 O fopenOUOUUUUU FILE struct[] UU 
UU FILE struct] I l UUDUuUDunnuuguununnuuunuonunuunuuounuouu 
UU fgets felose UU Il Ui u UU I Uu I Ui i LI FILE strot) IJ I Uu TU I Uu UI. LU 
JuUIUUUUU seed] i I UU CU UD OU UU I Uu UU 

OUOUOOL san] UL UDDUDD inestachl] OU fori UU O count) O 
UJUDUU stringStash O O O O O whilel] O O O O fech) I Ul U UU Ui i Uu I UU. 
UU 

JUIUUIUUU CUDDUUUUDUUUUDDUDUUUUUDUUDUUDDUUUU 
10000 CUUIUIUUUUDUUDOUUUDUUUUDUUUUDUUDUUUUuuunwnu 
UclUNUUUUuTmunuUuumuounuunDunuuUunuoDunuuuunuuuunu 
JUIUUUDUUUDUUDUUUUDUDU ill llu UU UU UU iath I I iu UU I UU UI. DU 
JUIUuUuununuwnu 

UUUOUU UBHQOUUUUUO stash ] IU I UU Uu UU UL iu Uu UU UU LU 
JUIUUIUOUIUUUUDUUUUUUUUUUDUUUUUUDDU CUUUDUL 

JUIUUUCIUUUUDUUDUDUUUDDUUUUUDUUUDDUUUUDUUWD 
JIUDUUUUUUUUDUUDUDUDDUDUDUUUUUUUUUUUDUuUUuDUuDuno 
JIUDUUUUUUDUUDDUDDUDDDUDUUUUUUUUUDUDUUUUDUUDUD 
JUIUUIUUUUUDUUUDUUUDUUUUUUDUD veidfoofiot OOUOUUUUU 
JUIUUIUUUUUDDUDUUDUUUDUindl lU float UU UU Uu UU iu iu i uuu 
JUIUUUUUUDUUUUDUDUUUUWD 

JUIUUUUIUUUUUUUUUUNUUUUUUUDUU ol oy II i I i UI U LU 
JUIUDUODUUDUUUDUUDUUUUUUUDUUDUUDUUDDUUDDUDUUUU 
JUIUDDIONUUIUDDDUU LIBTESTCOHOOÖOUOUÖUDOHU initialize() [] fech) (IU UU 
JnIUNUIUDIUUDDOUDIOUUUDUUUUDD uBCOUDU UDLUDU LIBTESTC[] UU 
JUIUUIUUIUUUDUDUDUUUUUDUUDUUUUDUUDUUUUUDUUUUUuuuu 
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JUIUUUDUDDDUUNOUUUUUUUUUDUDU 

JUIUUUUUUU CUUUUUUUUuUUuuUuuUguDnUDDnoDuonUuguuuuuu 
JIUUUUDUDUDUUUUDUDUDUUDUDUUUUUUUUDuDUuUuuonuuono 
JUIUDDUDDU foodnol] VUOUUUUUUUL foodloa) i I U UU Uu UU L 
foo] Dl Ul UU -foo UL U Uu Ui Uu Uu UI U UU UU food HUU int OOUU 
UJfooOl I UU UU Uu UU UU IU foad Uu Uu U«UU Uu Uu U Ui Ui iu H3U UU. 
UUHUHUUUUUUUUUUUS float OUOUUUUOUUOUUUUUUUUUUUUUUY 
JUIUUUUUU 
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JUUUUUDUUUUUDDUUDUDUUUUUUUUDUUDUUDUUDUUuUuUu 
JIUUUDUDUDUUDUUDUDUUDDUDUDUUUUUUUUUUuUuoDuuunoD 
JUIUDUUUDDONUUUUDU cep UU: 


cpp libtest.c lib.c 


JUIUUDUUDOUUUDDUDDUUUUUUDUUDUDUDUUDUUDUDUUUUUUUU 
JUIUUUUUUUUUUDDUDUUDUDUDUODOUUUUOUUDUDUUUUUuuuuu 

JUIUUUUUNUDUDUUUUDDU UNIXSDDIUDDUUUUUDDDDULUU make [] 
O00 make] UU UU Uu UU IIu Uu Du UU Uu UU UU UU UU Uu U3 Uu iu u uu Uu uu 
UU mae I DU UU UU UU Uu UU Uu Uu Uu UU uu iun "UUUUUUD 
[O make] O O L 

make [O0 O0000O0ODO makefile [ O OOO makefile JUUÖHUÖUUÖUUUUU 
JIUUUUDUDUUDUDUUDDUDUUDUDUUDUDUDUUUUUUUDUUUuDUuUuno 
JUIUUIUUUUUDUDUUUUUDUUDOUUUUUDDU makeiuie] I i I hi Uu i'u 
JIUUUDUDUDUDUDUUUDUUDDUDUDDUDUUUUUUUUUuuUuUuuno 
JIUUUDUUUDUUDUUDDUUDDUDUDUDUUUUUUUUUuguuuuno 
JUIUUUDDUDUDDUDUDDUUUUUUUOUDUDUDUUUUUUUUUUDnuDnn nom 


nU 


JUIUUUUUUUUUDUDUDUD CUUUUUUUUU AUOUUUUUUUUUUW 
0 <JOHÖUOUHUOUÖUUODUOUOUUOUOUOUOUOU OO CHOOUÖUOUOUOOOOO Unix O 0 00L 
JnIUUUUDUDUUDUUUDnUDUuUnnuuguDUuunnuDuuu”nn AU cüU 
UOUOUOUUOUUUUUUUUUUY MS-bDOSoUOHUUUU bosc++ HOUUUUUUU 
UUUOUUUUUUU hx 0O cxIDlDlDUlUUUUUUuDnuDuguuguuUuuuunonno 
JUUIUUUUUCcIUC—UUUUUUDUUUUUUDUUUUUDDOUUUDUUUUDDUD 
JUIUUIUUDUUDUUUDUUDUUUUUDDUUDDUOU cp UI UI Ui UU. A 
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JUIUUUUUUDUUDUDDUDUUUUUUUDDDUUU stash IDDU COL 
JUIUDUUUDUDUUDUUUDUUDUUDUDUUUUUUUUUDUUUDUUDUUD 


fl] ll] UU C+ Inside & Out, (Osborne/McGraw-Hill,1993)[] 
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HOHUUUUEUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUUUoo 
HOHOUUUUUUUUUUUUUUUUOUOUOUO 

HOU CUHHUUUUUHUHUUUUUUUUUUUCUUUUUUUUUUUUUUOD 
UIDUUUHUUUUUDUDDDDDDDDUDDDUDDUDDUDDDDUUUUUUUUDDDDDDOL 
INNHHUDUUUDDUDDDUDDUUUUUUHUUNHD 

INUDUDDDDUDUUUHNHDUDDDUDUUUUDNHDDUDUDDUUUUNHDDUDLD 
HOUOUUOUOUOU YE inidalze()l cleanup DU ll I I I I I Ui Uu Ui i Ii Il I Ii i il Ii I'L 
100000c0000000000000 CUUUUUUUUOUUUUUUUUUUUU 
lNDHUUDDUUUUUNHDDUDDUUUUDUNHDDUDDUUUUDUNHDDDDDOL 
INUDUDDUUUUUNHDDUDUDDUUUUDUNHDDUDUDDUUUUUNHDDDDDOL 
INDHDUDDUDUUUUDHDUDUDDUUUUDUNHDDUDUDDUUUUDUHDDDUDDDOL 
HOU 0 Wu 

10000000000000000000000000000000000 CUuUdU 
HOHUUUUEUUUUUUUUUUUUUUUUUO SE initialize()L] cleanup()U O O Ll 
stash_initialize( )[] stash_cleanup()[] (00000000000 OUD” OOD struct OHNO 
HOUOUUUUUUUUUUYD swucdl OU 

10000 C++00000000000000 swell Il I I Il Ui i Ui I Yi Yi Il Ui IL 
INnNHHDHDUDDDDDsawed]l I I i Il iu Yi hil i li i Il i li i Il I I I hi I iu Ii i I 
HOUOGUUOUUOSE struct OUU Ll 
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c—llnlUuunuuUuuuUuuuuUuunuuUuunuuDuu' uUuuUUU'UnmuU stash O O 


//: LIBCPP.H -- C library converted to C++ 


struct stash ( 
int size; // Size of each space 
int quantity; // Number of storage spaces 
int next; // Next empty space 
// Dynamically allocated array of bytes: 
unsigned char* storage; 
// Functions! 
void initialize(int Size); 
void cleanup () ; | 
int add(void* element); 
void* fetch(int index); 
int count(); 
void inflate(int increase); 


); 


JUIUUIUOUUUDUUUUUDAIUUNU CUUUUDUUUCUHUDUUUUUULU 
JnUc—lUlUDUIUUUUUUDUDUUDUDUUUUDUUUDUDUUUUDUUuDuDuU 
UIAIUIUDUUUUUUDUUUDUUUUUUDUUUDUUDUDUUUDUUDUDLU 
JUIUDONUUUUDDUUUUDUOUUUUUDUUUUUUUUULU 
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UOUUUUUUUS typedef U Cl I UI i i i UL typedef OU UUUU 
UOHUHUUUUUUUUUUUU Dl Ll ind] char[] float[] double[] O OO seashl] UHUUUUU 

INNHUDUDDDDUUUUUNHDDDDDDDUD swed] ll I I Ui Ii Il Yl Ui i I'L 
100000 CUUUUUUUUUUUUUUUCHUUUUUUUUUUUUUUUUO 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoo 
HOHUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 

HOUUUUUUUUU CUUUUUUUOUUUOUUUUUUUUUUUUUUUUO 
HOUUUUUUUUUUUUUUUUUUUUUUUUWUUUUUUUoUUUUUUo 
HOUOUUUUO 

stash A, B, C; 
UOULUUUUUUUUUDD add oo 

HOUUOUUUUUUUUUUU CUUUUUUUUUUUUUUUUUUUOUSG 
stash_initialize( )[] stash_cleanup( Q] TOO“ GOU0U"UO0U00 struct) O0 I UDDUDD 
HOUOUUUUUUUUSD stash 0 UU initialize) DU QU UUUUUUU0O initialize() [] 
HOUUUUUUUUUUUUUUUUUUYU—UUUUUUUUUUUUUUUUUo 
UOOUO UU initializeC)[] O OU struct stash OO UUUUU YO stuctY]OUUUUUUUU 
HOHUUUUUUUUUUUUUUUUUUUUUUU C+HHU0UUUUUUU sUUUU 
100000000000000000000U0U0U00U0U0U0U0U00000 struct VOU Uw 
HOU oOO oO OU initialize( ){] [| stash[] [] [] stash::initialize(int Size, int Ouantity)[] O [] 
stash [| C++ VU I I I I dI I dI Yii 9 i i I i i I Yi Ui iU DI i i Il I LL 

//: LIBCPP.CPP -- C library converted to C++ 

// Declare structure and functions: 

#include "..\1\libcpp.h" 


#include <assert.h> // Error testing macros 





#include <stdlib.h> // Dynamic memory 
#include <string.h> // memcpy () 
#include <stdio.h> 


void stash::initialize(int Size) { 
size = Size; 
quantity = 0; 
Storage = 0; 
next = 0; 


) 


void stash::cleanup() { 
if(storage) { 
puts ("freeing storage"); 
free (storage) ; 
} 
} 


int stash::add(void* element) { 
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if (next >= quantity) // Enough space left? 
inflate (100); 
// Copy element into storage, 
// starting at next empty space: 
memcpy (&(storage [next * size]), 
element, size); 
next++; 


return(next - 1); // Index number 


) 


void* stash::fetch(int index) { 
if (index >= next || index < 0) 
return 0; // Not out of bounds? 
// Produce pointer to desired element: 


return &(storage [index * size]); 


) 


int stash::count() { 
return next; // Number of elements in stash 


) 


void stash::inflate (int increase) ( 
void* v = | 
realloc (storage, (quantity+increase)*size) ; 
assert(v); // Was it successful? 
storage = (unsigned char*)v; 
guantity += increase; 
| 
IUUUuunuunuuuununununuunununuunnunnnuwunun C++ 
IUluUunuununnuunuununnnuunuunnunnuunuunumnnnuwnun 
IUunuunununuunuunuununuuuunnuunumnunc—Unnnnnm 
IUluUunnuunuunuunuuunuunumuunuunnununuununnunnmu 
IUunuuumunuuluununuuuuuununuunnnuuuununnuunnnwun 
IUluUunnuunuunuunuuunuunumuunuunnuunuununnonn 
DL 
IUluUunnuunuunuunnuuunuunuuunuunnnununnnunn 
IUlUluuununnunuuuunuuunununununnunnnnunuununmwnnn 
IBDuUunuunuunuunumunuunuunnunnm 
HUOHUUUUUUUUUUUUUUUU CUOUUUUUUUUUUUUUUUUUUOO 
IUluUunuunnnuuunuununnnuunuununnnuununnumunnuwnun 
OOOO struct LUÖHOLUDLUHUHUUUHUUUUUUUUUOUOUOUUD U L s->size = size 
UU size =sizefJUUUUUUUUUUUUUUUUU seuuuUUCHOUUUUUUUUO 
IUUuuuuuuuu uu”uUuuuuuuuuuuuuunuuuuununuuuuuu 
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INUlUluUuunnuuuunuuunnununnununuunuunnunnnumwun 
IUuunnnuuuuuuunnnuuunnnnnuunuuunnnuunnuunnwun 
IUlnuuunuunnuuunuuunuununununununuununun 

IUnlnluuunnuuunnuununnuunununumuunnununnunununu 
HO COUOUÖHUUUUUUUUUUUUUUOUUOUUUOUUODU sun sash* 0 0O C++ 
IUluUunumuununuunnununuunuunnunn thish ll stractH O 0000D 
HOUUUU CUUU SUUUUUUUUUUUUUUUCOUL 

this->size = Size; 

Inuunnuunnununuuunununununuunnnnun thisVOUUUU 
HOUUUUUUUUUUUUUUUUU COULD inflae()l I II LI void* O D0 DOU 
OUOU 


S->storage = V; 


IUlDluUIuuunnumunun CHUUUUUUUUUUUUUUUUUUUU CUUUUL 
HOUGUUU void* 0 O malloc0)[] calloc()[] realloc DU DEU UL Ui Uu i I CW UI. 
IUUlnluUuuuunnumunuunnuc—uUunuhumunc—uUunuUuUuUUUuUnnnnuno 
UOULUÖUUUUUUUUUUUUOUUOUUOUOUUOD UL C+HJOOOUOULI struct UU 
HOUUUUUUUUU C++ Ut seucl] IU UI UI Ii Iii ui i| u 8 DU UI UI UI Uu uu I IU 
struct I Il UI UU UI uu I» Uu Uu i Uu Lu i Ui iu u H8U I Pui I i UU C+HU00U0U0 
UUUÖUOUD void* lll] void OO i I I UI i il. void i UU UI UI UI uu IU I I. 
UOMOUUDUD void l i I UU I Ii Uu Ii I i UU Ii i Ul UU uu ul aU I i u I UU i 
UULUUUUUUUUUUUUUUUUD calloc() O reallo) I i UI UI UI UI UI Ui UI 
|] unsigned char*[[] 

IUlnluuunuununnuc—ununumuununmunuuuununuunu cn 
IUlnlnuuuuuunuuunuuunnuuuuunnnunn cuuuuuuuwuu 
I COHUUUUUUU CHUUUUUUUUUUUUUU CUUUUUUUU c— Uun 
HUUUUCHUUUUUUUUUUUUUUUUUUUUUUUUUUUW cuu 
IUlnluUuuuunnuuuunuunuunnuuuunclunnnnnuuuuwmwu 
HOUHUUUUUUUUUUUU CHUUUUUUUUUUUUUUUUUUUUU cuu 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUU CHUUUUUUUUO 
UUlunluuumuuunuuuuuunnuumuuunnuumnuunun 

UOULUÖUUUUUUOUUOLD stashi C++U UU UUUUUUUUU 

//: LIBTEST.CPP -- Test of C++ library 

#include "..\1\libcpp.h" 

#include <stdio.h> 





#include <assert.h> 
#define BUFSIZE 80 


main() { | 
stash intStash, stringStash; 
int ì; 
FILE* file; 
char buf[BUFSIZE]; 
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char* cp; 

JJ case nL 

intStash.initialize(sizeof(int)); 

for(i = O; i < 100; i++) 
intStash.add(&i); 

// Holds 80-character strings: 

stringStash.initialize(sizeof(char)*BUFSIZE); 

file - fopen("LIBTEST.CPP", "r"); 

assert(file); 

while(fgets(buf, BUFSIZE, file)) 
stringStash.add(buf); 

fclose(file); 


for(i = 0; i < intStash.count(); i++) 
printf ("intStash.fetch(%d) = ¢d\n", i, 
*(int*)intStash.fetch(i)); 


i = O; 
while ( 
(cp = (char*)stringStash.fetch(i++))!=0) 
printf ("stringStash.fetch(%d) = %s", 


i - 1, ep); 
putchar('\n'); 
intStash.cleanup () ; 
stringStash.cleanup () ; 


) 


HHOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUUUoUd 
“OOOOUOGOOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUO 
HOUUUU 

HUUUHYUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
this [| U 0 C++[] OU U U intStash.initialize(sizeof(int), 100) [] [] stash_initialize(&intStash, 
sizeof(int), 100) I I Ul Il I I I Yi Uu Di Ii I ui i i i I i Il Il ui i I I i. c+0 LI. Ll 
cfrontl] JU AT«Tl] I I I I I UI CUUUUUUOU CU I UU i i i i I I Fi I E1. [| cfront 
HOCHOOUUOUUU CUUUUUUUUUUUUUCHOUUUDUUL 

HOUOUUUUUUUUUUUUUUUUUO 


while(cp = (char*)stringStash.fetch(i++)) 
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JUIUDDUDUUUUDDUUUUNUUODODUUUODUUUUDUUUUUU CHI 
JUIUDUUUUUUUUUUUUUuUuunuuunu CUUUUUUUUDUUDUuU 
JIUUUUDUDUUDUDUUUDUUDDUDUUUDUUUUUUUuuUuuuuuunoD 
JUIUUIUUUUUUUUUUUUUUUDUUUUDUUUDDUUUUUUUDUUUUUu 
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JUIUDUDUDDDUUUU CLIO strat I i I UDD UDuUugDunuuuuouunwnu 
JUIUUUUUUUDDUUDDUDUDUDUUUUDUUUUUUU 

'UUI”U' UUUUUDUUUD'UOOPIUIUUUUIUUDUUU OOP OÜ Simula-67[] 
0 19670 O Scandinavia} JOUÖHUOUOÖHUÖUUOUOUUUOUOOUOUOUOUUUOUODOOUUOUUU 
JUUUDUUUDUUUDLUHIUUIUUU UU UUUU Simula li iu UU I i UU LU 
OOHOUOUOÖÖUUUOÖUUODOUUUOOUOUULD Simula Q000“ UUDUmU”UU clas O O L 
IUIUUDUUDUDUUDUDUIIUDUDDUUUUUDUUUUUU CHIOOOUUU 
OO0OOOOOOOOO“ OOOO’ 
UOUUUUU 

JUIUUUUDUDUUDDUDDUUUDUUUUDUUDUDUDUDUUDUDUUUU 
IUUUUDUDUODUUDUUDUUUDUDUDUUUUUUUUDUuuuguuoDuuunoD 
UOUOOL object-based] WUUOUUUUUUUUUU cU IU Ui u UU UI UI. L 
JIUUUUUUDUDUUDUUDUDUDDUUDUDUUUUUUUUDUuUUuuuounuunob 
JUIUDUIOUIUUDUUUUUDUDUUUUDDD 
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HOUOHOUUOUUUUUUUUUUUUUUUUUUUUUUUUUUUU "OOO 
UOUOUOUUUUOUOD float UU UUUUUUUUUUUUUUUUUUUUUUUUUU 
HOUOUUUE float) inc] I Ii i i u DI Ii Ii I UL 

stash [J] [TU OU OUOUU UU OU UU addC)[] feech()[] inflate( )[] O O U stash S[] [U U O stash 
UDD floatfO OU U float TOUUU stash O ll I I I i I Yi Yu I i UI i Yi Ii I Ui IL 
0” —.OuuUUUUL stashi UOUOOUUL abstract dada type] I I EI LI. LL 
IUUUHUUUUUDDDDDDDUDUDDUDUHNHNHDHC—UUUUUUUNHNUDUHNDDDUDDL 
HOUOUUUUUUUUUD sesh] i I i i i I Ui i II. stesh I I I I I I i i Ui iL 
INNHUUDUUUUDDUDDDUDUUUUUUUHDDDUDDDUDUUDDDDUDUL 

UOUÖLOUÖUUÖUUUUUUUUUUUUUUUULUL object.member function(arglist)l] 
10000°:00000000 UUUUUUUUUUUUUUUU 00000 0U0000 0 
HOUOU stashSO OO Sadd(&i) (0000 S' I IU I I” OOD ada) I I I I. LL 
HOUUUUUOUUUUUUUUUW UUIUUNUDU'UUUUUUDUUUUUUUDD 
O-A g U E O E B Oeu H e e A: H U e E GG Ua E GE OE U U g o E-e a G ea e 
c++0 UOUUUUUUO 


2.8 TOOL 


JUnIUUnUUuguU”Uu cUUUUDUUUUDUUUDUUDUUD CUUUUUUUUO 
UNUIUUUUUUUUnuUDnuuuUDnuu UUUUUDUUUDUuuu'uUuUuu'uu 
OOHUOUOUOUUUD CO street] O OOOO Cstruc O00 Ce UU UI I. CU C++ 
JUIUDUUUDDUUUDUDUDUDUUUUUDUUDUDUUDDUU cHUDUUDUU 
JnIUUIUUDUUUUDUUUUUUUUDUDOUUUUUUUUDUUUuDuuuuno 





I DUUIUDUDUUUUUDUUUDUUUDUOUDUODUODUUDUUUDUUUDDOUUDUDDUD 
JUUIUUUDUUDUDL 
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IUUUUDDDDDUDDUUUDUUUUUUDDDUD stuctQVOUUUUUUUUOD 
HOHUHUUUUUUUUUUUUUUUUUUUUUUUUUU 14000 160 UUUUUo 
HHUOUUUU UU" OUUUUUUUUUUUUOo$ 

U sizeof} WO UUU struct OOUUUUUUUUUUU 

//: SIZEOF.CPP -- Sizes of structs 

#include <stdio.h> 

#include "..\1\lib.h" 

#include "..\1\libcpp.h" 

struct A { 

int I[100]; 


); 





struct B { 
void f(); 


); 
void B::f() () 


main() ( 

printf ("sizeof struct A = %d bytes\n", . 
sizeof (A) ); 

printf ("sizeof struct B = &d bytes\n", 
sizeof (B)); | 

printf ("sizeof Stash in C = %d bytes\n", 
sizeof (Stash)); 

printf ("sizeof stash in C++ = %d bytes\n", 


sizeof (stash) ); 


) 


JUIDUONUUUUDDDDODU 2000] 0000 it I UU I UU structB JOUUOUUUHU 
UUUOUOUE struct CHUUDUUDUUUUU C+ UOUOUUUUUUUUUO 
struct] JUHOUUÖHUUUUÖUUHUUOUUUÖUOUOUUOUUOUOUUOUOUUHUDU printf ou 
HUHOUUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUaid 
JUUUDUUUUUUUDUUUDUUUDUUDDUDUDUUDUUDUUUDUUUUDUU 
JUIUUUunuUnUnuunuuuUuDnuuno 

UOOD sizeof JUUUU c++ UI UDuun CUUNUIUUUIDDUUUC— UUU 
JUIUUUUL 


29 OUUU 


JUIUUUUUN CUDUDUUDUUUUUUUUUUUUU CUD UUDUDUUD 
JUIUUUUDUDUUDUUDUUUDUUDDUDUUDUDUUUUUUDUUUuUuuuuno 
JnUuc—UUIUDDUUUUUUDUDUUDUDUNUNODUDUDUUDUDUUD 
UIUDUUUUDUDUDUUUDUUUUDUDUDUDUUDDUDUUUDnuunu CPP 
JUUUUUUUUUDDUDDUUUUUUUUDUUUUDUUUUUUUgUDnnnnmuuno 
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ll F——_—_—_____vEVyl-.—-—-— 


UUN 
UUIUUUUUUUUUUDUUDuuUunuuuuwU ul uuuuUuuuUuuu ULL 
UNUIUUUUUDNuuUucpPpUUuUuuDuuUuuuuUuuUDuunu'UuuUu”uuuuuu 
UU 
JUIUUDUUUUDUUDUUUDUUUUUDUDUUDUUDDUUDUDUDUUUU 
JUIUUDUDDDUDDUNUNUOUUULU 
JUIUUDUUUUDDUDUDUUUDUUUUUUDUUDUDUDDUUUDDUDUUUL 
JIUUUDUDUUDUDUDUUDDUUDUDUDUDUUDUUUUDUUDUUUDUUUD 
IUUUUDUDUUDUDUUDDUUDDUDUDUUUUUUDUUDUUuDUuUunoD 
JUIUUDUDUDDUUNUDUUUULU 
JUIUDUUUUDUDUDUUUUDUUUUUDUDUDUUDDUUDDUDUUUL 
UUUUIUUUUUU'DUU'UUUUUUUUUUUUUUUUUUUUDUUuuuu 
JIUUUUDUDUUDUUDUUDUDUUDUDUDUDUDUUUUDUUDUUUuDUUUD 
JUIUUUDDUDOUNUOUONUOUUUUUDUUDUDU 
UIUUUUUUUDUUUUUDUUUUUUu'uUuuUun”uUunuuuuuuuUuu 
JLUDUUDUUUDUuNUUUuDnuunuunnnuunuUuuunuuuuuununuuuouu 
JUIUUUUUDUUDDUUDUUD 
JUIUUUUDUDUUDUDUUUCU C+ GYUUUUUUUUUUUUUUUO 
JUIUUUDDDDUUNDUNUOUUUUUUN C-HOOHUOUOUOUOUUODOUOOUOUUOOUUUU 
JUIUUUUUUuUuDngunuDnuDgnUDusSHUDuDusSuuuuuuu 
1000000 celli UUlUlUUUUunuuuuulnunuuouuununuunoD 
JIUUUUDUDUDUUUUDDUUDUDUDUUUUDUUUUDuguugunuounuunoD 
JUIUUUUDUDUDUUUUDUDUUUDUDUDUUUUDUUUUUDuguuuuouuuunoD 
JUIUUUUDUUDUDUUUUOUOUUUUUUUUUUUuDnnDuUnuno 
JUIUUUuUunUuuUuununlUunuSunuS”unuu”uuuD”nuu $ Foo.8g od 
Jl UUUU”UUUUUUUUUUDUUUUUUUUUU POOHQDOUUUUOOE 
#ifndef FOO_H_ 
define FOO_H_ 


// Rest of header here ... 
#endif // FOO_H_ 


JUIUDIOUUUDDUUUUD CUUUUUDUDUDUUDD 
HOUUUUUUU 


U C+ OUOUUUGUUUOUUUUUUUUUUUUUUUUUUUUUUUUUUo 
JIUUUDUUDUDUDUUDUDUUDUDUDUDUUDUUUUUUUUuuuuuuunoD 
JUIUUDUDUUDUDUDUUUUUUUDUUUUDUUnu 

UOÖHOUUOUUÖUOUHOUUUOUUUUUUOUUOUOUOUODUOUUODUUEL maint) UU 
JUIUDIOUUUDDODOUUUUUDUUUUUDUUUUUUUNUUUUDDD 


2.10 [JUL 
JUnIUUDUUUUUDUUUUUUUDDUUUUUUUUDUUUUDUUDDUUDunu 
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JUIUUUuUUUUUDUuuUUuuUDUunuDnuuUUuuUDDnuuuuuUDUununnuuUu 
JUIUUUUUUUUUUUUUUUUUUUUUUUUDUUDUDUUDUUUDUUUDU 


//: NESTED.H -- Nested struct in linked list 
#ifndef NESTED H_ 
#define NESTED H_ 





struct stack { 
struct link { 
void* data; 
link* next; 
void initialize(void* Data, link* Next); 
) * head; 
void initialize(); 
void push (void* Data); 
void* peek() ; 
void* pop(); 
void cleanup(); 
); 


tendif // NESTED H_ 


UUUG struct H O ink Il UI iu Uu SUI I UI iU. lk [i i I UI i I. Ink] 
UUUUUUUUO nextGOUUUUUUUUO 

LlLl head OUD structlinkQOUUUUUUUUUUUSD link* head O0 O0 OO C 
IUUnnuDuuuuuunnuuuuuuunnuuuuuunnnuuunnunuuuunD 
HOUUUUUUUW 

HUHUUUUUUUUUUUUUUUUUUUUUUUE imitalize)DOUUUUUUU 
UDD DL stack [| O initialize() 0 O cleanup) VU UU UUU push) II I UI UI UI I LI. LL 
UOULUÖUUUUUUUUUUUUUOUUUUUODULID pop) UUUOUUSE daa] O I 
UOULUÖUUUUUUUOUUDD dall Il I UI I i. pekol I I UI I i IJ. data O 0 L 
UOULUÖUUOUUUUUOUUU 

cleanup [Il] I UUUUUUO data | Uo 

UOULUÖUUOUUUUU 

//: NESTED.CPP -- Linked list with nesting 

#include <stdlib.h> 

#include <assert.h> 

#include "nested.h" 


void stack: :link: :initialize ( 

void* Data, link* Next) { 
data = Data; 
next = Next; 


) 


void stack::initialize() ( head = 0; ) 
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void stack::push(void* Data) { 
link* newlink = (link*) malloc (sizeof (link) ); 
assert (newlink) ; 
newlink->initialize (Data, head); 
head = newlink; 


} 
void* stack::peek() { return head->data; ) 


void* stack::pop() ( 
if (head == 0) return 0; 
void* result = head->data; 
link* oldHead = head; 
head = head->next; 
free (oldHead) ; 


return result; 


void stack::cleanup() { 
link* cursor = head; 
while (head) { 
cursor = cursor->next; 
free (head->data); // Assumes a malloc! 
free (head) ; 
head = cursor; 
) 
) 


UHUUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoo$ 
UOUUGUUUUY struct UU UO stack:link:initaize) JOU UUUUUUUUUUUUUUUO 
IDlDuuguuuunununununununuunuguuuuuunnunununnunuuuumnu 

stack:initialize()[] WU hed I I I Ii i Ui UU Ui Ui Pui I I ìi LU 

stack::push() JU UUUUUUUUUUUUUU stack I I I PF I I I I I Uu I I UI. LU 
UOÖGUUOÖUOUUUUUUUUD malloc?) O lnk JDD uHink]UUDDDUUUL 
initialize) | 1] tink ll Ul i i i I UI I I next [I OUUU head] [] head [] 
UOtnkQOUUUUUUUU nekUuUnnnuuuuu 

stack:pop Oll I i UI I IE ]. daa (JI i EI hed I I i Ui I I I. LU 
[1 O Ll stack::cleanup()[] [] cursor U [I U7 O O OU UU free) UO Ll Ll link[] datal] link [] 0 U 

IUUUUDDDDUDUDULU 

//: NESTEST.CPP -- Test of nested linked list 

#include "..\1\nested.h" 

#include <stdio.h> 

#include <stdlib.h> 

#include <string.h> 


#include <assert.h> 
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main(int argc, char** argv) ( 





stack textlines; 
FILE* file; 
char* s; 
*define BUFSIZE 100 
char buf[BUFSIZE]; 
assert(argc == 2); // File name is argument 
textlines.initialize(); 
file = fopen(argv[1], "r"); 
assert(file); | 
// Read file and store lines in the stack: 
while(fgets(buf, BUFSIZE, file)) { 
char* string =(char*)malloc(strlen(buf)+1); 
assert (string); 
strcpy (string, buf); 
textlines.push (string); 
} 
// Pop the lines from the stack and print them: 
while((s = (char*)textlines.pop()) != O) ( 
printf("%s", s); free(s); ) 
textlines.cleanup () ; 


} 


JUIUDUUUUDUDUDDUUUDUUUUUDUDUDUUDUUDUDUUDUDUDUUUL 
JUIUUDUDUUDUDUDUUUOUUUUDUUUUUUUuUnu 


HOUUUU 


OOOOOOOOOOOOA UU UUUUUUUUUUUUUUUUUUUUoo$ 
HOHUUUUUUUUUUUUUUUUUUUUUUUUU AUDUUHHDDUUD 
OOOO AUVUYUUUUUUOUUUUUUUUUUUUUUUUUUUUUUUoUOo 
INUUUIUUDDDDUUUDNHDUDUDDDUUUUDDDHDDUDDDDUUUUDUDNHDUDUDUL 
HOUOUUUUOUOUUOD 

//: SCOPERES.CPP -- Global scope resolution 

int A; 

void £() {} 


struct S | 
int A; 
void £(); 


); 


void S::f() | 
':f(); // Would be recursive otherwise! 
::A++; // Select the global A 
A--; // The A at struct scope 
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) 


main() () 


100 s-fODIUDDUDUUUDDUUUDUD OU AHUUHUU 
2.11 0 0] 


JUIUDUIUOUUUDDODUUUUDC— UUUUUuUunnUnonunuguuuuuu 
JUIUDUUUDUDUUUUDUDUDDDUDUUUUUUUUDUuguuuuoDuouunob 
JUIUUUUUUDUUUunuDuuuUnDuDuguuuuuuuuUuuuuuunuwnu 

JUIUUUUDUDUUDDUDUDUUUDUUUUDUUDUDUDUDUDUDUUUU 
JUUIUUUUUNUUUUUUDDUNUDUUCc—UDnlUuuUuUDununluuUuuuuuumunoD 
JUU struct OO UL Uu U3 U3 UN UU Ul UL U3 Uu Ul UL Uu Ul Uu UU Uu UI UI 
JUUDOUUUUDDUOUUUUDOUUUUUUUU 


212 00 


I) UUUU sew] I Uu Uu Uâ3Uu Uu Uu Ul Uu Uu Uu UU UU Uu I uu uu u iiu 
JUIUDONUUUDOUDUUUUUUUOLU 

2N lUuunnoDuuUuununuuguUuguuunnUDuuwuu 

>3UUUDDUDUDUUUDUUDUUUDUDUDUDUUDDDIUUDUDUUUUUDDULU 
JDD 

42UUuUUungDUuguUDuguDnnguUuuUnuugunnuuUuuDnnuunDUuuDnnuunwuu 
JIUDUUUUDUODUUUUDUDUDUDUDUUUUUUUUDUOUUUuDUUDUD 
JUIUUUOUUUDUUUUUUUUUUDDD 

CHO OUUUUUY struct OOOO typedef l] I i i Uu 1i uu 8 UU UI I i i LU 
JUIUDDUDDUUUD 
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O30 O U UL 


UOUUUU OUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
UUUCHOUOUUUUHUUOUUUUUUUUUUUUUUUUUUUO 

UUUOUUUDUUUS sroti lU UU UU Uu UU Uu UU UU I UU: struct 
JUIUDUUUDUUDUUDUUUODUUUUDDUDUDUDUUDDUDD swued] O I. LU 
O O typedef] O O0 O 00O OL 

JUIUDUUDUU—UuUDUUUUUUUUUUDDDUUUUUDUUUUUDD C++ 
JUIUUUUDUDUUUUDUUUUDUUDUUDUDUUDUUONUOUODNUUDDUDUU struct 
UOUUUUU 


31 000 


JUIUDUUUUDUUUDUDUDUUUUUDUDUUDUUDUUDDUDUDUDUUULU 
JUIUDUUDUUDDUUDUDUDUUUUDUUDUDUUDUUUDDUUDDUDUUUU 
JUIUUUUUuUUuDnunnuuuuDnuguuuuuuu 

O0 cü üO stroctH I Uu Uu Uu iu 8BU i Uu Ui Uu i UU. strae O 000D 
JUIUDUUDUDUDUUUDUUUUDUUDUUUUUUUDDUDDUUUDUDUDUDDUDDU 
initializeO[] [| U cleeeeup Ol] UU Uu UU UU UF UCU Uu Uu BUUUUUi Lu UU I Uu i. LU 
JUUUUIUODDOUNUUDUODDOUUUUUUUUUUU see] I I U UU I Ui i cU UI LU 
JUIUUUUDuUunuDnuUuUnunnuunuo 

JUIUDUUUUDUDUDUUUDUUUUUDUDUUDUUDDUUDDUDUUUL 
JIUUUUDUDUUDUDUUUDUUDDUDUUUUDUUUUUUDUuUUuUDUuUunD 
JUIUUUUDUDUUDUUDUUUDUUDDUDUUUUDUUUUUUDuDuUuuuuunob 
UOUUUUU 

JUDDUUDDDU sew] IU UU uu Uu Uu Uu Uu Uu Uu Uu UU Uu Uu Ui Uu UI. 
stack] VUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUO 
Umaloe Oll UUUUUuDnunuUuuoSuunuuuUuunugnungunuUunuununoD 
JUUIUUIUUuDUugDUuunsnUnuunDuuwuu 


3.2 C++) 0000 


CU HOUOUUEUEUUUU UU Uo 8 struct] O U U U U public[] private[] protected[] 
HOHUUUUUUUUUUUUUUUUUUUUUUOE swell I UI UI Il UI YI UI i I. LU 
HOUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUo 

public) I Il I i i ui i i i i ui i i i ui aui ui i. publici I EI FI UI LL 
struct] [EE EI El Ll struct] [I I EI LI. LL 


//: PUBLIC.CPP -- Public is just like C struct 


struct A ( 





UU 
UU 
UU 
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int i; 

char j; 
float f; 
void foo(); 


}; 
void A::foo() () 


struct B ( 
public: 
int 1; 
char J 
float £; 
void foo(); 


); 


void B::foo() () 

main() () 

private} I IU I Uu u Bl i UU uu I lU lu i Ui Tl hi Ui Il Ui I i Uu i ui nU LU 
OODD private] I i Il Il UU LU Ii UU uu hi Ui i I Uu lu i U3 Uu HU iu I IU UI.LL 
IUluUuuunuuuununnnunnnununn sretBUlllllUlU0lDlDDnDunuuwunu 
IUluunumunnn 


//: PRIVATE.CPP -- Setting the boundary 


struct B ( 
private: 
char j; 
float f; 
public: 
int i; 
void foo(); 


}; 


void B::foo() { 


i= 0; 
j = '0'; 
f = 0.0; 
E 
main() { 
B b; 
b.i = 1; // OK, public 
//! b.j = '1'; // Illegal, private 


//! b.£ = 1.0; // Illegal, private 
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UU fooQU UUW UU BUUUUUUUUEUUUUUUY main OD UUO LL struct 
JUIUUIUUUUDUDUUUDDUUUU seed IU Uu UD UU Uu Uu UI UU Uu I Uu I. 

JUIUDUUDUDUUDUUUDDUUUUUUUUDUUDUDUDUDUUUDUUUu 
JUIUUUUDUDUUDDDUUUWD 


[] [] (protected) 


UOUUOUUUUUY protected[] protected] private] WUOUUUUUUUUUUUUY 
UOUUUHU protected] VHUUUUY private i I U Uu Uu UU BOUUUUUUUUUO 
JUIUDOUUUUDUUUUUDDUUUUUUDUUUUUUUDUUU 


3.3 OD 


JUIUDUUUUDUUDDUDUDUUUUUDUDUUDUDUUUDDUDDUDUUUL 
O00 struetWQUOUUUUUUUUUUUUUUUUUUUUUY seed] Uu UU UU iU 
JUIUDUODUUDDUUDDUDUUUUDUUDUDUDODUDDDUUDDUDUUUU 
UUIUUDUIUUUUUUUUUUUUUUUUUU'UUUUUUHUDUDUuUDUu'u 

UUDUUUUUUUUUUUUUUDUUDUUUUU UUUU'UUDuDUuUuLl 
UUIUUNU”UDUUUUUUUU'UDUUUUUUUUUUUUUUUUUUUUUuuno 

JUIUDIUUUUDUUUUDUUDUUDUDUUNUUDUDU seed] I i i U Uu hU iU 
struct] I UL UI UU I Uu U3 UU I U I UL 


//: FRIEND.CPP -- Friend allows special access 
struct X; // Declaration (incomplete type spec) 


struct Y { 
void f (X*); 


); 


struct X ( // Definition 

private: 

int i; 

public: 
void initialize(); 
friend void g(X*, int); // Global friend 
friend void Y::f(X*); // Struct member friend 
friend struct Z; // Entire struct is a friend 
friend void h(); 


E 
void X::initialize() { i = 0; ) 
void g(X* x, int i) { x->i = i; ) 


void Y::f(X* x) { x->i = 47; } 
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struct Z { 

private: 
int j; 

public: 

. void initialize(); 
void g(X* x); 


); 
void Z::initialize() { j = 99; ) 


void Z::g(X* x) ( x->i += j; } 
void h() { 
X X; 
x.i = 100; // Direct data manipulation 


) 


main() { 
X x; 
A Z; 
z.g (AX); 


} 


struct YY OU OOUUUU fOUUUWUU AU IU UU Uu U3 UU I Uu HUU I i cU UU. 
JUIUUOUUUUDDDUDUUDUDDOU struct YNI UI I UD Y : 1°) 0 OOD struct XI 
OUOUOUUUOU UU Ys fQ)O UUU YU set XU OOUUUU 

JUIUUUNUUUDDY:fX”OSlUDUUDUDAUUDUUUIUUUDUUDUDUUDUDULU 
JIUUUUUDUUDUUUUDUDUDUUDUDUUUUUUUUDUUUuUuuoDnunuunob 
JIUUIUDUDOUUUUXUUUDUDUDUUDUUDDUUDUUDDUUUUD 
HHUUUUUUU Y: geOuUUU 

JnIUUAUDUDUUUUUDDUDUUUUD Ys fX”lUlUUlUUDUununuuuuu 
UOUUU structXHOOUUUUUUUUUUUUUUUUUUUSE XU sec I I I 
JUIUUUUDUDUUDDUUDUDUUUUDUUDUUUUUUU 

0 00O struct XU OU Y: fX”IllUUDUUUUUUUDDUDUDUDUUDDDUDUUU 
JUIUDYDUUDUUDUUUUUUUDUUDUDUUUUUUDUUDUDUUUUUuDu 
JUIUUUUDUUUD 

JUIUUUOUUUUDUUUUDDUUUUDDUUUUgsODUDUDDUDDU OOL 
JUIUNUUUDUDUUDDUUUDDDU frend ii Uu UUN UU UU Ui i UL] stracth O 0O D 
JUDDDOLD struct] O O O “friend struct Z I U UU i uu UD UU I Ui i i]: struct OU 
UOUOU 


3.3.1 (000 


UUUUUG stwc]HOUUOCOUÖHOUUOUOUÖUUUOUUOUOUUODOUOHOUOUOUOUOUUUU 
JUUUDDUDUUUDUUDDDUDDUU street OUUUUUUUUUUUUUUUOO 
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struct] [] O OOU end] JOUHLOUOÖUUUUUUOUOUOUUOUOUODOUODOUOUUOUUUNU 
//: NESTFRND.CPP -- Nested friends 
#include <stdio.h> 
#include <string.h> // memset () 
#define SZ 20 


struct holder { 
private: 
int a[SZ]; 
public: 
void initialize(); 
struct pointer ( 
private: 
holder* h; 
int* p; 
public: 
void initialize(holder* H); 
// Move around in the array: 
void next(); 
void previous(); 
void top(); 
void end(); 
// Access values: 
int read(); 
void set(int i); 
); 


friend holder::pointer; 


); 


void holder::initialize() ( 
memset (a, 0, SZ * sizeof(int)); 


) 


void holder::pointer::initialize(holder* H) ( 
h = H; 
p = h->a; 


void holder::pointer::next() { 
if (p < &(h->a[SZ - 1])) p++; 


void holder::pointer::previous() { 
if (p > &(h->a[0])) p--; 
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void holder::pointer::top() { 
p = &(h->a[0]); 


) 





void holder::pointer::end() ( 
p= &(h->a[SZ - 1]); 


} 


int holder: :pointer::read() { 


return *p; 


} 


void holder::pointer::set(int i) { 
*p = 1; 


) 


main() ( 
holder h; 
holder::pointer hp, hp2; 


int 1; 


h.initialize(); 

hp.initialize (&h) ; 

hp2.initialize(&h); 

for(i = O; i < SZ; i++) | 
hp.set (i); 
hp.next (); 

) 

hp.top(); 

hp2.end(); 

for(i = 0; i < SZ; i++) { 
printf ("hp = $d, hp2 = %d\n", 

hp.read(), hp2.read()); 

hp.next () ; 
hp2.previous () ; 

) 

} 


struct holder] JH UUUUUUUU pointer O O0 0O OO pointrQYOUUUUUUUOU 
pointer[] holder] JHU OUUUUUUUUUS struct JOUUHUHULD pointeri O I UI LU 
JUIUUUUUDDDUUDUDD holder! OOUOUUUUU 


friend holder : :pointer ; 


UUUOY struc I Ii iU i Uu Uu Uu Il Ui Uu UI i i DI. pointeri O O OD 

I] 0 pointer] [] holder] I I Uu Uu Uu â UI Ul main O UU UU UU UU I UU UU .LU 
OUOUHUUÖUOUHUUUUOLD pointeri Cl] I I I Uu HU IU I UU I Uu T1 UI Uu LU 
O OOOO holder O O U 
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3.3.2 TOUOU 


JUIUUDUUUUDUDDUUDDUUUUUUDUDUDUDUDUDUDUUUUUUULU 
JUIUDDDDUUfied] IU Uu dU UU Uu UU UU Uu Uu Uu Uu Uu UU i UI iL 
JUIUDUIUOUUUUDUNUUUUUUUUUUDUNUUUUUDUUUU 

C--HLOULOUHOUHOUHUHUOUHOUÖUUHUOULI friend] Il iu UU Il I UU LU 
JUIUUUUUDNUUUUDUUUDUUUUUD cU UU UU UI Uu Uu Uu Uu Uu ui iu 
JUUL 


34 OUUU 


J2uuuucluUUuuunnmnsuc] i Ui u Uu uc—UUDuUuUDuuUDnunu 
JuDUsrel] I iu Uu UU UU Uu iU 3 Uu Uu Uu 8Uun Ui Ui O Cci 0 UI LI. U LU C struct 
JnIUUunUchHUuUDnugunnnmnswud] DU Uu i u 8â5Uu OO ci UI UU LU 

JUIUUUUUUUUUUUUUUUUUDUUUUUUU CH+UUUUUUUUUUO 
UUIUUIUUUU'UUU'UUUUUUDUUUUUUUUUDUUUUUuuUDuUuuuu 
UOHUUUU CUUUUUUUUUU uUUUu”"uUuUDuuDUUUuuuUuUuuuUDUuunoD 

JUIUUUUUUDUDUUDUDUUUUUUUUDUUDUDUDUDUUUDUUUu 
JIUDUUUUUUDUDUUDUDUUDUDUDUUUUUUUUUUUuUuUUuDUuoDuno 
UU CHOU UHUUUUUUUUUUUUUUO 

UDDUDD struct I UI UI UU I I U UU, sgaue I i Ul UU Uu Uu UU Uu UU 
JIUDUUDUUUUDUUDUUDDUDDUDUDUUUUUUDUUUUDUuUUuDUuDUDoDD 
JIUDUUUUUUDUUDUUDDUDDUUDUDUUUUUUDUUUUUuUUuDUuUDoUD 
UUUUUU COUBUUUUUUU CHUUUUUUUUUUUUUUUUUUUUUUo 
HUUUOUUUUUUUUO 

JUIUUUUUDUDUUDUUUUUUUUUDUUDUDUUUDDUUUUUUUu 
JUIDDIUUUDsrec] lll IU uUDunUUuuUDnguUUuunnDuuuu 


3.5 [] 





JUIUUUUDUDUUDUUDUUUDUDUUUUDUU struct I U UU Ui Ul Uu UU LU 
JIUDUUUODUUUUDUUDDUDUUDUDUUUUUUDUUUDUUUWDUDUDUD 
JIUDUUUOUUDUUDUUDDUDUUUDUUUUUUUDUUUDUUUDUDUDUD 
JUIUUUUUUDUUDDUDUUNUUUOUOUDUDUUUUUUUUUu 

JUIUUDUUUDUUDUUDDUUUUUUUUDUUUDUDUDUUUUUUUuu 
JUIUUUUUUIUUUUUUDunuuUunuunuDnuUunuUuUDnuDnnD private] O 
JUIUUDUDDDUUDD 

UOÖLOULUUUUUUUUUUOUUUUOUUOUD cUL structQOUOUUUUUU 
JUIUDUUUUUUUUDUUDDUDDDUDUUUUUUDUUUUDUuUUuDUDUDD 
JUIUDUUUUUUUUDUUDDUDUUDUDUUUUUUDUUUUDUUUuDUDDUD 
JUIUUUUUUUDUDDDDUUUWD 

JUIUUUUUUUUUDU Simula-670 O 00O clasJOUUUUUUUUUUUUO 
UUUOY Stroustrup] Cl] I UL Uu UU i uu UU IU Uu UL B3 Uu Ii Uun UI Uu UU i ui LU 
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JnUUDUCHIUUDDUUD swell lIu UU I UU i ui UU LU 

UU classi cl I U Uu UU UI UU u UU I Uu Uu Uu UU Ul UU) sec OUOUUUUUO 
UUU0 clasUOUUUUUUUOUUUY see] O 0000D peoc i iu UL DU U I.D 
JUIUUDDUUD 


//: CLASS.CPP -- Similarity of struct and class 





struct A ( 
private: 

int i, j, K; 
public: 

int f(); 

void g(); 


le 

int A::£() { return i + j + k; } 

void A::9() (i = j = k = 0; ) 

// Identical results are produced with: 


class B { 
int i, j, k; 
public: 
int £(); 
void g(); 


E 
int B::f() (return i 4 j + k; } 
void B::9() (i = j =k = 0; } 


main() () 


O C++ UclasJUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUO 
HOUUUUU clasHUUUUUUUUUUUUUUUUUUUUE Stroustrup U UU 
struct] ll I Uu Ii. U3 Uu iu u I» UU Ui i I UU I. 

IUUDUDUUUDDswecel]llllUlOUDDuuUuDnuUUUu peblicQVOUUU “OU 
UOUUU" OUOU 

class X { 

public: 

void interface function (); 
private: 
void private function); 


int internal representation; 


E 
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JUUUDUUDUNUUDUUUDDUUDDDUUDUUUUUDDUDUDUUDUUDUU 
JIUDUUUDUUUUDUUDUDUUDDUDUUUUUUUUUUDUuUUuDUDUunoD 
JUIUUUUUUUUUUUUUDUDDUUNUUDDOUUUOUUUUDUUUUU 

JUIUDUDUDUUNUUUUUUUUUDUDU 


class X | 





void private function () ; 

int internal representation; 
public: | 

void interface function (); 


E 
OOOUOUUUOUOUOUOUUO0UUUUO0UUUOUUOUUU0UULU 


class Y { 
public: 
void £(); 
private: 
int mX; // "self-mangled" name 


); 


UO mxXyUUUU YDUDUUDUUUU^>UUUmUUDUUUUDUUUDUDUuouuu 
JUUUDUUDUUUDUDUUUUUDUDUUUUUDUDUUDDUUUUUUDUUDU 
JUIUDUIUUUDDOUUUUDUDUUUUDDUUUDDD 


3.5.1 J OO0U000 0 stash 


JUIUUUU>DAUUUDUUDUUUUUUDUUUDDUUDUDUUDUUUDUUUULU 
JUIUDUONUUUDODUUUUDDUOUUUUUUNUUUUDDDUUUU 


//: STASH.H -- Converted to use access control 
#ifndef STASH H_ 
#define STASH H_ 
class stash { 
int size; // Size of each space 
int quantity; // Number of storage spaces 
int next; // Next empty space 
// Dynamically allocated array of bytes: 
unsigned char* storage; | 
void inflate(int increase) ; | 
public: 
void initialize(int Size); 
void cleanup(); | 
int add(void* element) ; 
void* fetch(int index); 
int count (); 
}; 


tendif // STASH H_ 
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inflaeOQU Il i UU UU UU TU I. Ui Ui i adal OD I UL UU UU UU Uu DU UU Uu i Uu i 
JIUUUUDUDUDUDUUDUUDDDUDUUUUUUUUDUUUuUuuoDuwuuno 
JUIUUIUUUUDUUUUDUUUUUUDUUUUUDDUUUUUUUDUUUUUDUUU 


3.5.2 OOU LOUL stack 


UOUUUUUUUUSD stackJYUUUUUUUUUUUUUUUUUUUUUUUUO 
UOUUHUUUUUUUUUUUUUUUYS stacki lU 

//: STACK.H -- Nested structs via linked list 

#ifndef STACK H_ 


#define STACK_H_ 


class stack { 
struct link { 
void* data; 
link* next; 
void initialize (void* Data, link* Next); 
) * head; 
public: 
void initialize(); 
void push(void* Data); 
void* peek(); 
void* pop(); 
void cleanup(); 
); 


Bendif // STACK H_ 


JIUDUUUUDOUUUDDUDUUUUUDUUDUUDUUDUUDUDUDUDUUUU 
JUIUDUOUUUUOUUDUDUDUUDUDUDUUUUUUUUDUUUDUUUD 
JIUDUOUUUUUOUUDUUUDUDUDUUDUDUUUUUUUUUDUUUUuuUuno 
JUIUUUDUUDUDUUUUULU 

JUIUDUUUUDDUUUDUDUDUUUUUDUDUUUUDUUUDUDUDUDUUULU 
JUIUUIUUUUDUUUUUUDDUUUUUDUUUUDUUDUUUUUDUUU 


3.6 [] O 0 0] handle classes[ | 


c—HlUlUlNUUunuUununnnuUuumuo”unuUunuu”unuuuuuunDnunu 
JIUUUDUDUDUDUUDUDUUDUDUDUUUUDUUUUDUuguUuuuonuuunob 
JUIUUUNUUDUUUUUUDDUDUUUUUDUUDN cU UUUuIUuUuuunu 
JIUUUUUDUDUUDUUDUUDDUDUDUUUDUUUUUUUUDUuUUuuuuunoD 
JIUDUUUDUODUUUUUUDUDUDUUUDUUUUUUUUUDUuUUuuuuuno 
JUIUUIUUUDUULU 


361 (JUHÖHOOUOU 
JUlUUUUDUUUUDUUUDUUUUDUUUDUUUUUDUUUDUUUUD 
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3.62 JOUHOUOU 


JUIUDUUUDUUDDUUDUDUUUUUUUUDUUDUUDUUUDUUUDUUUU 
UIUDUUUUUUUUDUUDDUDUDUDUDUUUUUUDUUuUuunuUuuoDuunouno 
JUIUDUUUUUUDUUDUUDUDUDUUDUDUUUUUUUDUUUUuUUuDUuDUoD 
JIUUUUUUUUDUDUUDDUDUDDUDUUUUUUDUUUUDUuUUuDUuDUoUD 
JUIUUUUDUDDUUUDNUODUUUUUU 

HOUUUOUUUUUUUUUUL handle classes] YU ° Cheshire Cat” "HO O 0O 00D 
UNnIUUUUUUUUDUUUDUDUUU” smie'D lUUiUIUUUDUUUUDUUUUD 
JIUUUUDUDUUDUDUUUDUUDUDUDUUDUDUUUUUUUDUUUUuuuno 
JIUUUUDUDUUDUDODUUUUODUUDDUDUUDUDUUUUUDUUDUUUUuUuno 
00L 

JUIUDUUUUDUUDUDUDUDUUUUUDUDUDUUDUUDUDUDUDUDUUUU 
UOUUUU 


//: HANDLE.H -- Handle classes 
#ifndef HANDLE H_ 
#define HANDLE H 


class handle { 
struct cheshire; // Class declaration only 
cheshire* smile; 
public: 
void initialize(); 
void cleanup () ; 
int read() ; 
void change (int); 
|s 


#endif // HANDLE H_ 


JUIUUIUUUUUUUUUDUUUU 


struct cheshire; 


JUUUunDUuUUUDUDUDUUDUUUDUDUUDUUUUUUUDUUDUUUUU 
cheshire I UU UU Uu Uu UU Uu UU I Ui Uu Uu uu IunuouUuuuuuuuuno 
JUIUUIUUUDUUUUUDUUUUUUUUUUUUUDUUUUDUUUUDUUUU 
JUIUDUUOUUUDDUUUUDDUDUDUUUU 
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//: HANDLE.CPP -- Handle implementation 
tinclude "..\2\handle.h" 
#include <stdlib.h> 


#include <assert.h> 


// Define handle's implementation: 
struct handle::cheshire { 
| int 1; 


); 


void handle::initialize() ( 
smile - (cheshire*)malloc(sizeof(cheshire)); 
assert (smile); 
smile->i = O; 


void handle::cleanup() { 
free (smile); 


) 


int handle::read() { 


return smile->i; 


void handle: :change (int x) ( 
smile->1 = X; 


cheshire JW UUHUUUUUUUUUUUUUUUUOU 


struct handle::cheshire { 
|] handle::initializeQ[] [] [| cheshire struct[] [] O O O O "U 0 handle::cleanupO[l] O O OU OU UU 
OOOOOOUOUOOOOUOUUOOUUOUUU HANDLECPPIIDDDUNHDUDUD 
HOUHUUUOUUUUUUUUUUUUUUUU cneshirel] VUUUUUUUUUUOD 
HANDLECPP]l] UUUUUUUUU 

HOU handle] UU UI UI i i i I UI Ii I ui I ui Fu i i I I I Ui Ui i UI i Ii Ii Ii. Ll 


//: USEHANDL.CPP -- Use the handle class 
#include "..\2\handle.h" 


main() { 
handle u; 
u.initialize(); 


u.read() ; 


um] OU 2000HÖUO0O0ÖUUOUOUOUOOOD naewğö 0O00 
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u.change (1) ; 





u.cleanup () ; 


JUIUDUUUUDOUUUDDUDUUUUUDUDUUUUDUUODUDUDUDUUULU 
JUIUUIUOUUUUUDUUUUUUDUUUUUUDUUDUUUUUDUUUnu 


3.7 UU 


Jc—uUlUlUUUDUUUUUDUUUDUUUUUDDUUUUDUUDUUUUDUUuD 
JUIUUUDUDUUUOUUUUODUUDDUDUDUDUUUUUDUDUUUUDUUUD 
JIUUUUDUDUUDUODUUUDUUDDUDUUDUDUUUUUUDUUUUuuuno 
JUIUuUuUDnunuuunununu 

JUIUDUUUUDUUUDUDUDUUUUUDUUDUDUDODUUDUDUDUDUDUUUL 
JUIUUUUDUDUUDUODUUUUDUUDDUDUDUDUUUUUUDUUUUuUuno 
JUIUUUDUUDDDUNDUDUUUUUUUUUUUUUDuDu 

JUIUDUUUUDUUUDUDUDUUUUUDUDUDUUDUUDUUDUDUDUUUL 
JIUUUUDUDUUDUODUUUDUUDDUDUDUDUUUUUUUDUUUUHuUuD 
JUIUNUIUUUDDOUUUUDUDOUUUUUDUUL 


3.8 UU 


1)OUUUUUUY public] private [] protected] Il] I IU ui uu 8 UI I UI LU 
JUIUDIONIUUUDDOUUUDDNUUUUDUDUUUU 
YOUUUUUUUUUY fieedll]DTBDlIUUUDUuUU 


3) UOU HANDLE.CPP[I] [| cheshire] JU UOUUUUGUUUUUUUUUUSD 
USEHANDL.CPP[] 





140 UUUUUL 


U2HHUUUUUUUUU cOUO0OOUOJUOUUODUODOUOOL strach UUOUUO 
JUIUUUDDUUNUUOUIUUUUUUUUUUDUUDDUUUUULUD 
JUIUUUNUuUuUUuuuUuuuunuuunununununununununnuwnu 3 
JUUUDUUUDUUUDDUDUUDUUDIUUUUUUUDUUUDUDUUUUUUUWDU 
JUUIUUUUUUUDUUUDUUUDUUUDUUUDUUUDUUUDUUUDUU 
UUUUUUUUUDUUUUDUUUDUUUDUUUDUUUDUUUDUUUDUU 
UOUUU 
JUIUUDUUUUDUUDDUUDDUUUUUUUUDUUDUUDUUDUDUUUUUUUu 
JcIUDUUDDUDUDUUDUUDUUU CH+OUUUUUUUUUUUUUUUUUUUOO 
JUIUUUUUDUUDUDDUUUUUUUUUuuU 
JUIUUUUUUUCc—UUUDUIUUCIUUUUDUUDDUUUUUUUUDUUUWD 
JUIUDUUUC—UUUUuDnnuuUuuUunuP”unuuUuuUunus”uuuuuuununo 
JIUUUUDUDUUUDUUDDUUDDUDUDUUUUUUUUUUUuDUuUuno 
JUIUDDUUDUUDUDUDUUUODUUUDUUUUUuunu 
JUIUUUUDDDDUDUUUUUUCchUUUDUDUUUUDUUUDUUUUUULU 
IUIUUUUDUUUDUUUUDUDUUDUDUUUUDDUUUDDDUDDUUDDUD Struct 
JUUUUUUDDUUDUUUDDDUUUUUUUUUDUUDDUUUUUUUUUDU 
UU stroc I DU UU UU IU uu ci Uu iun iuunuuUuunununuuouu 
UUUOY struct} OUOUOUUUUUUUUUUUUO 
UCHHOUUOUUUUUUURUUUUUUUUUUUUUUUUUUUUUUUd 
UUHYHUUUUUUUUUUUUUUUUUUU CH+UUUUUU 
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0] stash[] stack] O0 O OOO iniializeIOoD UOHUUUUUUUUUUUUUUUUUUY 
JIUUUUDUDUDUUDUUDUDUUDDUDUUUUDUUUUUDUUuUuuuoDuuunob 
JIUUUUUUUUUDUUDDUUUUUDUDDODUUUUUUD C+U0U0UUU 
JIUUUUUDUDUUDDUUUUDUDUDUUDUDUUUUUUUUDUuUUuuuuunoD 
JIUDUOUUDUODUUDUUUDUUDUDUDUUUUUUUUDUUUDHUUUD 
JIUDUUUUDUDUUDUUUDUDUDUUDUDUUUUUUUUDUUUDuouuno 
JUIUUUUIUUDUDUDUDDUDDUUUUUDULU 

JUIUDUUDUUUUDDUDUDUUUUUUDUUUUDUDUUDDDUUUUUUUU 
JUIUUUUIUUDUUUUDDDUUUDODDUUOUUUUDUUUUUUUUDUUuu 
Stroustrup] I II UU Uu UU IIu Uu UU Uu uu Uu iu Uun uu Lu UU u Uu uu Uu UU 
JUIUUUDDUDUDUUUUDUU 

JUIUUUDUUDUDDUNUDUUUUU 
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class X { 
int 1; 
public: 
XO; // constructor 
); 
UUlnnuuuunuwunu 
void f() { 
X a; 
(s 
) 
IBDluUuueiliUllnuuulnnuuuunuunuunuumnuunaeulununuwunu 
HOUUUUUUUUUUUUUUUUU aUUUUUUUUU &:xOuUUUUUUUU 
HOUUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUO 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoo 
HOUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUo 
tee] ll I Ii UI iu i DU uu Il Ui u Uu i Uu Ii Ui uu Ui i iu i Uu i iu I» Ul Ui .LU 
tree t(12); / 1200000 


UU reein)l]l] UU IU U UI UU uu UUN Uu Ui Uu Uun Uu lUi Un iuUiuuouoLu 
JUIUDUDUUDUDDUUDUUUUDUUUULL 

JUIUDUUUUDUUDUUUDUUUUUDUDUUDUUUDDUUUDUDUDUUUL 
JIUUDUUUDUDUUDUUUDUUDDUDUUUUUUUUUUuUuuUuuuuuunob 
JUDDDU iniidize I UU UU i Uu Uu UU I Uu Uni iu Uu lu u UU UU Uu UU UU 
JnUc-—UnDlnUDngDuguuguuguuguuuuuuuwuu 

JUIUUDUUDDUUUUUUUDUDUUDUUDUUUUDDDUUUU void] UO 
JUIUDUUUDUUDUUUUDDUUDUDUDUUUUUUUUUUDUUUUuDUUUuD 
JIUDUUUDUUUUDUUDDUUDDUDUUUUUUUUUUUuUuDuuunob 
JUIUUUUUDDUUUUUDUUUUUUUUUDUUUUUUUUUUDUUUUDuuuu 
JIUUIUUUUDUUUUDUUUUUDUUUUUDUUUUUUDUUUUUDUUU 
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JnIUUcIUUUDUDOUUUUUUUDUUUUUUUUUUDnuDunuDnnuunno 
JUIUUIUDUDUUDUDDDDD AUUDOUUuDUuUuU”nuuUunuUUusDuuuunununwu 
OOOO“ UUUu'UuUuUUUuUIuUUDuUuUuUDuuUUDuuuUuUnuuUuuuuUuunuu 
UIUDuuUuuuuUunuuUunuuUuuuuUnuu?>uUUuuUuuUuuu'DuU'UUuuuDnnunoD 
UOUUOUOUUU CHUOUUUUUUUUUUUUUUUUUUUUUUUUOUUo 

JUUIUDUUDUUUUUDUUDUDUUDUUUUUUDUUUUUUDUDUUUD <u 
JIUDUUUDUUDUUDUUDDUUDDUDUUUUUUUUUUDUuUDUuDUUUuD 
UOUUUUU 


class Y { 
public: 

“YO; 
f; 
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JUIUDUUUUDUUUDUDUDUUUUUDUUDUDUDUDUUDUDUDUUULU 
JUIUUUDUDUNUODUUUUDDDUUUUUUUUDUDUODNUUDUDUU goll I OL 
OUOGLOUÖUOUOUÖUOUCHUOOUOHUL sool] C++H UHUUUUUUUUUUUWUUUO 
JUIUDDUUDU geol I UI I U I Uu CULL L setjmpO O longimpO Il UI I I J.L 
JUUUDUUDUDUUDDIUUUUUUDDDUUDUUUUDUUDUUDUDDUUUUU 
JUIUUUUDUDUUDUDUUUUUDUUDUUDUDULU 

JUIUDIUUUUDUDUUUUUUUuu 


//: CONSTR1.CPP -- Constructors & destructors 
#include <stdio.h> 


class tree { 
int height; 

public: 
tree(int initialHeight); // Constructor 
~tree(); // Destructor | 
void grow(int years); 
void printsize(); 


); 


tree::tree(int initialHeight) ( 
height = initialHeight; 


} 


tree::-tree() { 
puts ("inside tree destructor"); 


printsize(); 


) 


void tree::grow(int years) { 
height += years; 


) 


void tree::printsize() { 
printf ("tree height is d\n", height); 


} 


main() { 
puts("before opening brace") ; 
| 
tree t(12); 
puts("after tree creation"); 
t.printsize(); 
t.grow(4); 


puts ("before closing brace"); 
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puts ("after closing brace"); 


) 
JUIUUIDUUDUUDUDD 


before opening brace 





after tree creation 
tree height is 12 
before closing brace 
inside tree destructor 
tree height is 16 


after closing brace 


JUIUUIUUUDDOUUUUUDUUUUUDUUULU 
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UCUHUHUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUO 
UDDUDD PascalPUUWUUUUUUUUU uUuDuUuuunuuUuuu'Uunuuuuuu 
IUUnnnuuuuuunnuuuuuuunnuuuuuunnonuuumnuuunun 
IUnnuuuuunnuuunuunnuuuuunnuununuunnumnunu 

HUHUUUUUUUUUUUUUU CHUUUUUUUUUUUUUUUUUUUUO 
IUUDDDuUuUuunuuunuuuuuuuunnuuuuuuunnuuumuuunwun 
IUUlnnuuuuuuunuuuuuuuunnuuuuuuununnuuuuuunonn 
IUlnluuuuunnuuuunuciumuuunuuuuuuunnnDnDnuuuuuwnu 
IUlnnunmuc—uUluhlnunuuuUuuuuuuUunnnuuuuuuuuunnnuuwuu 
HOUUUUUU CUUUUUUUEUUUU CUUUUUUUUUUUUUUUUUUUO 
IUUlnluumuuunnuuuuunuuuuuulnuuuuunnuunuwnwuu 

UHOUUUCHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUO 
IUlnlnuuuuuuuunuuuuuuuunnuunuuuunnnuunuuuununwun 
HOUUUCHOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUO 
IUUnlnuumuuuuunnuuuuuuunnuuunuuuunnnuugmnuuunonno 
IUlDluUuuuuuuunumuunuuuunnuuuunununuumuunounu 

//: DEFINIT.CPP -- Defining variables anywhere 

Binclude <stdio.h> 

#include <assert.h> 

#include <stdlib.h> 


class G | 
int 1; 

public: 
G(int I); 


ki 


G::G(int I) (i = I; ) 
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main() ( 
#define SZ 100 
char buf [SZ]; 
printf ("initialization value? "); 
int retval = (int) gets (buf); 
assert (retval); 
int x = atoi(buf); 
int y = X + 3; 
G gly); 


} 


JUIUDDUUUDbfn UOUUUUUUUUUUU xsuuUUUUUUUUUUUUo 
UUUUU YsUUHUUU Ci UU Uu Ul Uu LU Uu U3 Uu UU Uu 85 UU Uu Ui iL 
JIUDUUUUUUDUUDUUUDUUDUUDUDUUUUUUUUUDUUUUDuuuno 
JUUDUUDDUUUUUDUDUUDUUUDUDUDUUDUUDUUUHWUUUD 
JUIUUUOUUUUDDUUUUUUDUDUUUUDUULD 


4.3.1 for[] [] 


OUCH UU OUUUUOUU fo OOOÖUODOUODOD fo VUOUUU 
for(int j = 0; j < 100; j++) { 
printf("j = d\n", j); 
) | | 
for(int i = O; i < 100; i++) 


printf ("i = d\n", i); 


HOUOUUUEUUUUUUUUUUUUUUUUUU CH+U0U0U000000UU 
HOWjJUUU fo I i I iu i i Ui I il chi UI Ui ui I i Ii i Li Pui ui ii ui I i i i 
lIlnlfelllllllnnunlununnuunuunuunnuunuununnnnnununn in 
JUUUUUUUUUUUY i_loop_counteri OU I Ii Ui UU i Uu uu i l ll i Ui Ii i 1 I. LD 
IL 
IUnlnluuunnuuunnuununnuunnunumuunnununnuunnunnuwu 
IUnlUuunuunnuunnununuununnuunuiuuuunnuunuunnunuunn 
INnlnuunnumunnnu 
for(int i = O; i < 100; i++) 
printf ("i = d\n", i); 
Lf eaw 
for(int i = 0; i < 100; i++) { 
printf ("i = d\n", i); 


) 


JUIUDUDUDUDIDUIUUUUUUUODUUUUUDUUDUUUUDnuUuuuunu 
CHU OUUUUUUU ford UUOUUUUUUUUUUUUUUUUUUUUUUUOUUO 
JUUDUUUDUUDIDUUUUDUUUUUUUUDUUUUUUUDUNUUDUUUWDU 
JUIUDUDIDUUUUUUUDUUDUUDUUUDUUUUDUDUDUUUDDUDUUUDDUDUDU 
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JUIUUUDUUUDDUUNUDUUUUULU 
JUIUUUUUDUDUUUDDUUUUUUUUDUUUUDUUDUDUUUDUUUU 
JUIUUIUUUUDUDUUDUUUUUUUDDUUUUUUUUUUDUUUUDDUD 


4.3.2 (10 LU 





JUIUUDUUUUDUUDUUDUDUUUUUDUDUDUUDUDUUDDUDUUULU 
JUIUUIUDUDOUUUUUUUUDUUDU cCUUUIu UU Uu UU Uu UU i UU Uu UU UL 
JUIUDUUUDUUDUDUUDDUUDDUDUUUUUUUUUUUuUUuDUuDuno 
JIUDUUUUDUUDUUUUDDUUDUDUDUUUUUUUUUUUuUuDunDunob 
JIUUIUUUDUUDUDUUDDUUDDUDUUUUUUUUUUUDUuUDUuDUDuno 
UUUOUUUUUUUS switchi I i i I U UU. UU sero O 0O UI Ui. LU 

JUIUUUUDUDUUUDUUUDUDDUDUUUD 


//: NOJUMP.CPP -- Can't jump past constructors 


class X { 
public: 

x0 {} 
le 


void f(int i) { 
if(i < 10) { 
//! goto jumpl; // Error: goto bypasses init 
} 
X x1; // Constructor called here 
jumpl: 
switch(i) ( 
case 1 : 
X x2; // Constructor called here 
break; 
//! case 2 : // Error: case bypasses init 
X x3; // Constructor called here 
break; 


) 
) 


main() () 


UUUUUUUY goto switch Ill UU I Ul  ui3Uui LU UU Ui Uu Hn UUUUuUuu 
JUIUUDUUOUUDDUUDDUDUUUUDUUDUDUDUUDDDUUDDUDUUUU 
JUIUUDIUuUuUuuuuuuuu 

JUIUUDUUUUDUUUDDUDUUUUUDUUDUUUUDUUDDUDDUDUUUL 
JUUUUUDUUUDUUDDUDUUUUDUUDDUDUNUUUUUDUUDIUUUUWD 
JUIUUIUUUDDDUUUUD 200000 
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44 VOUUUUUUUUUL stash 


JUUDUUDUDUUUUDUUUDDDUUUDUDUUDUUDDDUDUU initialize)l] 
cleanup] ll UU Uu âUu3 UN I Uu dU UI.) stashi OU L 


//: STASH3.H -- With constructors & destructors 
#ifndef STASH3_H_ 
#define STASH3_H_ 


class stash ( 
int size; // Size of each space 
int quantity; // Number of storage spaces 
int next; // Next empty space 
// Dynamically allocated array of bytes: 
unsigned char* storage; 
void inflate (int increase) ; 
public: 
stash(int Size); 
-stash(); 
int add(void* element); 
void* fetch(int index); 
int count(); 
); 


#endif // STASH3 H 


HUOUUUUUUUOUY initializeOl] clean ll I Uu Uu3U Uu u Uu Uu Uu Hi Uu I LU 
UOUUUUO 


//: STASH3.CPP -- Constructors & destructors 
#include "..\3\stash3.h" 

tinclude <assert.h> 

#include <stdlib.h> 

#include <string.h> 

#include <stdio.h> 


stash::stash(int Size) { 
size = Size; 
quantity = 0; 
storage = 0; 


next = 0; 


stash::~stash() { 
if (storage) { 
puts ("freeing storage"); 
free (storage) ; 


) 
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int stash::add(void* element) { 
if (next >= quantity) // Enough space left? 
inflate(100); 
// Copy element into storage, 
// starting at next empty space: 
memcpy (&(storage [next * size]), 
element, size); 
next++; 
return(next - 1); // Index number 


void* stash::fetch(int index) { | 
if (index >= next || index < 0) 
return 0; // Not out of bounds? 
// Produce pointer to desired element: 


return &(storage [index * size]); 


int stash::count() ( 
return next; // Number of elements in stash 


void stash::inflate(int increase) { 


void* v - 

realloc (storage, (guantity+increase)*s1ze) ; 
assert(v); // Was it successful? 
storage = (unsigned char*) v; 


quantity += increase; 


HOUUUUUUOUUODOUSG stasi OU OUOUUUUUUUUUUUUUUUUUOUU$ 
HOOUUUUUUUUUUUOUUUUUUUUUUUUUOUUUUUUUO 

//: STSHTST3.CPP -- Constructors & destructors 

tinclude "..\3\stash3.h" 

#include <stdio.h> 

#include <assert.h> 

#define BUFSIZE 80 


main() { 
stash intStash(sizeof (int)); 
for(int j = 0; j < 100; j++) 
intStash.add (85) ; 


FILE* file = fopen("STASHTST.CPP", "r"); 


assert (file); 
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// Holds 80-character strings: 
stash stringStash(sizeof (char) * BUFSIZE) ; 
char buf [BUFSIZE] ; 
while (fgets (buf, BUFSIZE, file)) 
stringStash.add (buf) ; 
fclose (file); 
for(int k = 0; k < intStash.count(); k++) 
printf ("intStash.fetch(%d) = %d\n", k, 
* (int*) intStash.fetch(k)); 


for(int i = 0; i < stringStash.count(); i++) 
printf ("stringStash.fetch (td) = %s", 
i, (char*) stringStash.fetch(i++)); 
putchar('\n'); 


} | 
HOU cleanupOll O UU UD Ll imtStash[] stringstashl] I UI i Uu HU I i ui L 
JUIUUUUUU 


45 JOUOUOUHUOUOUUOO DO stack 
JUIUDUIUUUUDUNUUDDUUDUUUD stacki lll Uu I. Uu I Uu Ui uu 


//: STACK3.H -- With constructors/destructors 
#ifndef STACK3 H_ | 
define STACK3 H_ 


class stack { 
struct link { 
void* data; 
link* next; | 
void initialize(void* Data, link* Next); 
} * head; 
public: 
stack(); 
-stack(); 
void push(void* Data); 
void* peek(); 
void* pop(); 
); 


tendif // STACK3 H_ 


JnUUnseklU)UlUUUUDDDUDDUDUUUdekK I UUDUUUUuUUuDunuu 
HUUOUUUUUUUUY 


//: STACK3.CPP -- Constructors/destructors 
tinclude <stdlib.h> 


tinclude <assert.h> 
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dinclude "..\3\stack3.h" 


void stack::link::initialize( 
void* Data, link* Next) ( 
data = Data; 


next = Next; 


stack::stack() ( head = 0; ) 


void stack::push(void* Data) ( 
// Can't use a constructor with malloc! 
link* newlink = (link*)malloc (sizeof (link)) ; 
assert (newlink) ; 
newlink->initialize(Data, head); 


head = newlink; 


) 


void* stack::peek() ( return head->data; ) 


void* stack::pop() ( 
if(head == 0) return 0; 
void* result = head->data; 
link* oldHead = head; 
head = head->next; 
free (oldHead) ; 


return result; 


} 


stack::~stack() { 
link* cursor = head; 
while (head) { 
cursor = cursor- >next ; 
free (head->data); // Assumes malloc! 
free (head) ; 
head = cursor; 
} 
} 
link[] [] seack:pushl] JU QU i i I I I UI I uii I FI i i li i i Fi i i Ui I i i Ii I. LL 
INnUIUUnuuunuuUuDUuUuuuuuuUDUuunguUDnuunguunnuuwuw Unn 
UINUuuguguuuuuuununnuuuuuunnunnnuwuuuuuuuuuuuUuunuu 
HOHUUUUUUUUUUUUUU UNDDDUUDDUDC—UDUUUDDDDDUL 


I] UHUDDDUIUDUIUUUDUODDUODUUODUUUUUUUUDUUUUUnuUuunuunnu 
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JUIUUIUOUUUUDOUUUDUDUUUDDUUUnel IU IU. Uu UI UU  2vUI II U UI UU. 
JUIUUUUcIUUUUUUDUUDUUDUUUUUuDnuDUuDUuu stacki I UI UI. LU 
UUHYHUUUUOUUUUUUUUUO 


//: STKTST3.CPP -- Constructors/destructors 
#include "..\3\stack3.h" 


#include <stdio.h> 
#include <stdlib.h> 


sinclude <string.h> 


#include <assert.h> 


main(int argc, char** argv) ( 


} 


assert (argc == 2); // File name is argument 
FILE* file = fopen(argv[1], "r"); 
assert (file); 
*define BUFSIZE 100 
char buf [BUFSIZE]; 
stack textlines; // Constructor called here 
// Read file and store lines in the stack: 
while(fgets(buf, BUFSIZE, file)) { 
char* string = | 
(char*)malloc(strlen(buf) + 1); 
assert (string); 
strepy(string, buf); 
textlines.push(string); 
} | 
// Pop lines from the stack and print them: 
char* s; 
while((s = (char*)textlines.pop()) != 0) { 
printf("%s", s); free(s); } 
// Destructor called here 


textlines] ll lUULU I UI Uu UU UU Uu Uu Uu u uu 0 UU IU Uu ui ui uu 
JUIUUIUOUUUDUDUUUUDDUDUUUUUUUUUUDUUU 


46 UUO 


JUUDUUUOUDUODUUDDUUUDUDUDUUUUUDUUUDUDUUD struct) 
class] ll UU UL UL UU UL 

JUIUUUUUUUUUUUUDUUD c—UDUUnuUunuUunuuunuuuu 
JIUUUUDUDUDUDUDUUDDUDUUDUUDUDUDUUUUUUUUUuuUuuunoD 
JIUUUTUuDUDuSDUuUDUDSUuUuDnunnununuuuuuunuuuuuouunoD 
JUIUUUUUDUUUUUDUUUUUUUUUUUUDUuUDUuunuUDuuuu 


int a[5]-(1,2,3,4,5); 


JUIUDUUUUDUUDUDUDUUUUUDUDUDUDUDUDUDUUDUDUUULU 
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— 1 in. 


UUGLUUÖUUUUUUUUOUUOUOUUOUUOUOUOU 

int b[6]={0}; 
HOUHUUUUUUUUUUUUUUUUUUUUUUUUUUU SUUUUUUUUUUO 
HOUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUooo 
IUUUuUuuuuuuuuuunuuuunuuuuunnuu ford UUUUUO* 00 10° 
HOUUUUUU fod DUUUUUUUUUUUW 

IUnlnluuuunnuuunnuuunnununnuuunnununnununwunu 
LI LL 

int c[] = {1,2,3,4}; 
IUnlnluuuunnuuunnuuunnununnununnununuununnnmunn 
INnlnluUuuuunuuunnuuunnununnuununnununuunnunnunmunn 
HOUUUUUUUUUUUUY sizeof e/sizeof *CQOUUUUUUUUUUUUUUU OU 
HOUOUUUUUUUUUUUUUUUUUO 

for(int i = O; i< sizeof c / sizeof *C; i++) 

c[i]++; 

struct] TU I UI I Ii iu UI iu I i i Ii iu Dn i i Ui ui Ii I I I I. COLD stracthH O O U 
HOUUUUUUUUUUUUUUUUUUO 





struct X { 

int i; 

float f; 

char c; 

t, 

X x1 =(1,2.2,'C'); 

10000000 CO stuctYQYOOOUOUUUUOUUUUUUUUUUUUOUUUUUE 
X x2[3] = {{1,1.1, 'a'},{2,2.2, 'b')); 


HOUUUUUVUUUUUUUUO 

UU stuctYOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUoo 
UÖUÖGHUUUOUUUUUUUUUUUUUUUOUUUUUUOUUUUUOUUOUOUOUUU 
UUUunnuuuuuunnuuuuuunnuununuuunnuumnuunnnnu struct 
OL 

struct Y { 

float f; 

int i; 

Y(int A); // presumably assigned to i 

; 
HUHUUUUUUUUUUUUUUUUUUUUUO 

Y yel] = {¥(1),¥(2),¥(3)}; 

IUUUnlnDnuuuuuuuununuuuuunuuunnnuuuuuuunnuumunu 
OUUU seed] I i i UI Il I i I clas GQ I I Uu Uu UU Di Ui Uu UU I i i i ui Uu 
UUlnnuuuuunonwuu 

IUlUluuuunuuuunnuuununu 
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//: MULTIARG.CPP -- Multiple constructor arguments 
// with aggregate initialization 





class X ( 
int i, j; 
public: 
X(int I, int J) { 
i I; 
j 
} 
); 


main() ( 
X xx[] = { X(1,2), X(3,4), X(5,6), X(7,8) ); 


} 
JUIUUIUOUUUUDUUUUDUDUUUUDUUUUUUUUUUUDDUDUUUu 
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IUUnUJUunuUoUuuUuUguuuUguuUuuUuguUuuuUugJUunugnuuuu'upwv 
O vanita) O00” UUUDDUDUDIUUDOUUUUUDUUUUUUUUUUUUUUDUDUDDU 
IUIUUUUIUUIUDUUUUUYUDUUDUHDUDUUUDODDU 

Y y4[2] = {Y(1)} 
UUIDUUUUOUUIDUODUUIDUUUUIDUUUUDDUUDUDUUUDUDUUUUDUD 
IIUUUDIUUIUUUUDUUUUUUUUUUDUUDUUDUDD YUUUUUU 

Y ys[7]L 
IDIUHDUDDOU 

Yy; 
IUUUUUUUUUUUUUDUUUUUUUUUUUUUUUDUUUUUUUDUDL 
JUIDUIUDIUDUIDUDDUUDUUDUDDUUUUDUDODDUUUDUOUUUUDIL 

JIUIDDIUDIUUDUDDUDUDUDDDUDDDUDU struct[[ clasl]llll lll Ul DU UUD 
IUIUUUDIUUUUUUUUUUUUUUUDUUD 


class Z ( 
int i; // private 
}; // no constructor 


Z z,z2[10]; 


JUIUUUUUDUUDUDUUUNUOUUUUDUUUUUUUUUUDDUDUDUDUWD 
JUIUUUDUDUUDDUUDDUUUDUUUUDUUDUUDUDUDDUUDUDUUUU 
JUIUUDUUDUDUDUUUUDDUDDUDUDUUUUUUUUUDUuUUuuuoDuwuunoD 
JUUIUUcIUDnUuUUuunc—UUlUDuUDul llu UU Ul uu UU Uu uu 8 iU iL 
UOUUUUO 
UOUUCHOUUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUd 
JUIUcIUUIUUUUDUDUDU CHU UUUUUUUUY CU UI UU Ui struct OODD 
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—— Nl 


JnIUUDUc—UUDUUUUUDUUUuUDnuDnnuuuuouuouu 

JUIUUUUUUDUUUUUDnuDnuDnchunnnnmc—uUUuuUunnuunuuuno 
JUIUuUuunuc”unc—uUUUuUuuuuuununuUununuuunnDnununob 
CHU OUUUUUU GUOUUUUUEU CHUUUGUUUUUUUU c++0 0000 Co 
JUIUDONUIUUUDDUUUDDD 
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Jc—uUlDUUUUDUUDUUDUUUUUUUDUDUUUUDUDUUDUununuu 
UOUOUUUUUY Stroustrup? O CA OO UUUUUUUU COUUUUUUUUUUY 
JUIUDUODUUDDUUDUDUDUUUUDUUUUDUODUUDDUDUDDUDUUUU 
JUIUDUUDUUDDUUUDUDUDUUUUDUUUDUDUDODUUDDUDUDUDUUUU 
JUUUUUDUUUDUUDDUDUDUUUDUDUDUDUUUDDIDUDUUDUDUUD 
UUUUU 

UUHOUHUUUEUU--GUOGUUUUUUUUUUUUUUUUUUUUUUU 
JUIUUDUUDD 

JUIUUUUUNUNUDC—UDDUUUDUUDUDUUUDUUDUUDUUUUUDUUDDUDUU 
JUIUUIUUUDDUUUUUDUUUDDOD 


4.9 OU 


DUOUUUUUUUUUUUUU 30 0 U0 UU HANDLE.H,HANDLE.CPP [] USEHANDL.CPP 
0O OL 
2D00O00U0O0UUOO0UOOUOUOOUUUOUOUUOUUUUUUUUUULLUL 
JUUUUUUUUDUDUUUDDUUUUUUDDUD 
>UUNUOUUUUUUUUUUUUUUUUUDUUDUUDUDUDDUUNODUDUDUUL 
JUIUDUUUUDDOUUUUUDDOUOUUUUUNUUUUDUDUULU 
2UDnuUgunnnuDnnDnuuuugDuguuuguuguuuunuuUuuuununwnu 
JUIUUUUUDUUUUUDDUDUUUUNUDDUUUDUUUUUUDDUUDUUUU 








O0 UUUUUUUUO 


HUUOUUOUUUUUUUUUUUUUUUUUUUUO 
JUIUUUDUDUUDUUDUUUUDUUUUDUUDUDUDUDUUDUDUUUU 
JIUUUDUUDUDUUUUDUDUUDDUDUUUUUUUUUDUuuUUuuuonnuununo 
JUIUUUDUDUUU—-UuUUUDUUDDUDUUUUUUUUunuguusuuouuuno 
JUIUUUUDUDUDUDUUDDUUDUDUDUUUUUUUUuDnuguuuuonununob 
JUUUUUUDUUUUUUUDUUUDUUUDUDUU-—-UuUDUUDUuuunnuuouu 
UUUUUDUUDUUUUUUDU' UUUUUUD'UUUUUUUu Odd 
UUUDIUUUUUUUUDU'DUUUUDUUUUUuuUuUuUUDuuUuuUuuuuUuUuuuuu 
JUIUUIUUUDUUUUUUUUUUUUUUUUUUUUUUUUDUUUUuUDnunuuu 
JUIUUUunuunu—UUDDDUDDIUDUDDUDUUUD 
JUIUUUUDUDUUDUUUDUUUUDUUUUDUUDUUDUDUDUUDUDUUUu 
JUIUDDUUDDUUUDUUDDUUDUUUUDUDUUDUUDDDUUDU print.intOl] 
print_charÔO[] print flon Ol UI UI Uu UU UU UU Uu ui uu iu 8 iU UU 
Jc—ulIDUIDUUUUDDUUUUUUUDUUUUDUUUUUUUUDDUUUU 
JUIUDUUUUUODUUDUUUDUDUDUUDUDUUUUUUUUDUuUUuguuouuno 
JUUUUUDUUUDUUDUUDUUDUUUUUDUDUUDUUUUUUDUDUUWDU 
JUUIUUUUUUUUDUUDUUUUUUUUDUUUDDIUUDUUDUUDUUDUUDDUU 
JUIUDUUUUDUDDODUUUDUDUUUDDUUUUUUUUUDUUUUUDDUUUDDD 
JUIUUUUDUDUDUDUUUUUU 
JUUDUUDUNUUUUDUUDDUDUUDUUUUUDUDUDUDUUDUUDUU 
JIUDUUUUUUDUUDUUUDUDUDUUDUDUUUUUUUUDUuUuuuuunob 
UUIUUUUUuUuuUuununnnuunuunmno 
JUIUDUUUUDUDUUDUDUDUUUUUDUDUDUDUDUUDUDUDUUUU 
JIUDUUUUUDUUDUUUDDUDUUDUDUUUUUUUUUDUuUDUuuuuunob 
JIUDUUUUUUDUUDUDUUDUDUDUDUDUUUUUUUUDUUUuUuuuno 
Juc—UUlUnnluUuumuDnuunuUunusSununuUuguusSnuuunuuunno 
UNnIUUNDUUDUUUDUUUUUUU fC hello” ),fC hi” ,D[] fC howdy” ,2, c DOU 
JUIUUUUDUDUUUUDUUDUDUUDUDUDUDUDUUUUUUUUUuDUuUuno 
JUIUnDDDUDUDDUUNUUULU 
JUIUUDUUUUDUUDUUDUDUUUUUUUDUUDUDUDUDUDUUDDUDUUUL 
JUIUDUUUUDDOUOUUUUUUUUUDDD 


5.1 UHUU 


UUI2zIUUUUUUUUUDuUUUuuuuuUuuUu uUU”UDuUUUuuuDmnmu 
UOUUUUO 
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void f(); 

class x {void f();}; 
UxUUUU fUUUUUUUU fH UUUUUUUUUUUUUUU8 UUO x::fO 
HOUUUUUUUUUUUUUY 2AUUUUUUUUUUUUUUUUUUUUUoo 
HOUUUUUUUUUUUUU fo xfUUUUUUUUUUUUUUUUUUUUUO 
HOU 

HOUUUUUUUUUUUUUUUUUUO 

void print(char); 
void print(float); 

HOUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUooo 
INnlnuuulnuuunuuunnumunnuuununnnn print II UI UI UI UI I'L 
INnlUluUuunnuununnuuunnununnunununnununnununnunn 
IUlUluUuunnuununnuuunnununnunuunnununnununnunn 
O 0 _print_char[] _print float] I I I UI Ui I Ui Ui iu u 1i Dn i i Ui iu i lll I I i Il i UI LL 
IUnlnluUuuuulnuuunnuuunnununnununnununnunnunnmuwnn 
IUUuunnnuuunuuuunnmnnnnuuuuuuuunnnunuumunuununnwun 
INnlnluuuunuuunnuuunnunuunnununnununnuuunnunmunnn 
O L 

INnlnuuuunnuunnuuuununuuunnuuunnuumuunnununn 
IUnluUunnununuunuununnnuuunnuunuununnnwnun 


5.1.1 OOOUUUO 


IUNIUUuuunuununu uuUuuuuuuUuununuunuuuuunuun 
IUUIUNU”UIUUUUUUUUUDUUUUUUUUUUUUUUUUUUHUUUUUDULD 
OOU 

void f(); 

int f(); 

IUNUuUuunnunununnmunnnuunnnnudstex-fOnlllUlUlnlunnnumuc 
IUluUunlnmuulnuuuuununununuunuununununuununnunnunwun 
IUluUIunnuulnumunuununnunuunuunnuuuunununnnumnunwun 
HUOUUUU C+OU 000000 


5.1.2 QOUUUO 


IUIUUUUDUDUUUDUDUDOUUUUUUUUUU CUUUUUUUUUUUO 
JUIUDUUUUUUDUUDUUDDUDDUUDUDUUUUUUDUUUUDUUUuDUUDD 
JIUDUUUUUUDUUDUUDDUDUDUDUUDUUUUUUDUUUDUUUDUUDD 
JUIUUUuuUuuwuu 

0UC--JOHOCUÖOUOUÖUOUOUUOUUUOUOUUOUOHUOUOUHNOUOUUOUOUUOUOUODUOUUOUU 
JUIUUUUDUDUUDUDUUUDUUDDUDUDUDUUUUUDUDUUUUUuUunD 
JUIUUUUUDUUDUUDUUUDUUDDUDUDUDUUUUUUDUUUUuuuno 
JnIUUDUUUUUUIIDUDDUUDUUDUUUUUUUUUUUUuuUuuuuu 
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IUDIUDDUIUUUODUUUHDODDUDUDUHDDOUDUDDUU 
//: DEF.CPP -- Function definition 
void f(int) () 


JUIUUUUUDDOUUUUDUDUUUU 


//: USE.CPP -- Function misdeclaration 


void f(char); 
main() { 
/1) (1); /Causes a linker error 


} 


JUIUDDIUOUUUDDUUDUUfanOU I Uu Uu UU Uu UI iuUuuuin OUUU 
Jn>uUuUUUUf«ea)l i Ul UU Uu U8UNIu Uu cU UI Uu U3 UU Ii Uu Tm c++0 UU I U Ui. 
JUUIUDUUDDUUDUUDUUDUDUUUDUU find] lUDUDUUUDnunuuuu 
£charl] VUUUUUUU £charl] UUUUUU find] I U Uu UU Uu Uu Uu UI UU I .LU 
JIUUUUUUUUUUDUUUDUDUDUUDUDUUUUUUUUDUUUUuuUuno 
HUUCHOUOUUUEU CUUHUUUUUUUUUUUUUUO 
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UOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOo 
HOUUUUUUUUUUUUUUUUUY stashfJUUUUUU 

//: STASH4.H -- Function overloading 

#ifndef STASH4_H_ 

#define STASH4_H_ 


class stash { | 
int size; // Size of each space 
int quantity; // Number of storage spaces 
int next; // Next empty space 
// Dynamically allocated array of bytes: 
unsigned char* storage; 
void inflate(int increase); 

public: 
stash(int Size); // Zero quantity 
stash(int Size, int InitQuant) ; 
-stash(); 
int add(void* element); 
void* fetch(int index); 
int count(); 

); 


#endif // STASH4 H_ | 
stah0] OO UWUUUUUUUUUUUUUUUUE QuantityYOOUUUUUUUO 
UOHÖLUOUUUUUUUUUOUUOU UL quantity O UU storage] I I UI I D.U 


//: STASH4.CPP -- Function overloading 
tinclude "..\4\stash4.h" 
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tinclude <assert.h> 
#include <stdlib.h> 
#include <string.h> 
#include <stdio.h> 


stash::stash(int Size) { 
Size = Size; 
quantity = 0; 
next = 0; 
storage = 0; 


stash::stash(int Size, int InitQuant) { 
size = Size; | 
guantity = 0; 
next = 0; 
storage = 0; 
inflate (InitQuant) ; 


stash::~stash() { 
if (storage) | 
puts ("freeing storage"); 


free (storage) ; 


int stash::add(void* element) ( 
if (next >= quantity) // Enough space left? 
inflate (100) ; // Add space for 100 elements 
// Copy element into storage, 
// starting at next empty space: 
memcpy (&(storage [next * size]), 
element, size); 
next++; 


return(next - 1); // Index number 


void* stash::fetch(int index) { 
if (index >= next || index < 0) 
return 0; // Not out of bounds? 
// Produce pointer to desired element: 


return &(storage [index * size]); 


int stash::count() { 
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return next; // Number of elements in stash 


} 





void stash::inflate(int increase) { 
void* v = 
realloc (storage, (guantity+increase) *size) ; 
assert(v); // Was it successful? _ 
storage = (unsigned char*)v; 


quantity += increase; 


} 

OUOUHOUHUUUÖUUOUUOUUOUOUOOLD storage J OUUUUUUU addO U UU 
JUIUNUUDUUDDDUUDUDaedOD IU UU UU UU IU UU UU Uu Ui UU 

JUIUDUUDUUDNUUONUUUUUUUUUUDDUD 


//: STSHTST4.CPP -- Function overloading 
#include "..\4\stash4.h" 

#include <stdio.h> 

#include <assert .h> 

Hdefine BUFSIZE 80 


main() ( 

int i; 

FILE* file; 

char buf[BUFSIZE]; 

char* cp; 

// 

stash intStash(sizeof (int)); 

for(i = 0; i < 100; i++) 
intStash.add(&i); 

file - fopen("STSHTST4.CPP", "r"); 

assert (file); 

// Holds 80-character strings: 

stash stringStash(sizeof (char) * BUFSIZE) ; 

while (fgets (buf, BUFSIZE, file) ) 
stringStash.add (buf) ; 

fclose (file); 


for(i = 0; i < intStash.count(); i++) 
printf ("intStash.fetch(%d) = sdAn", 1; 
*(int*)intStash.fetch(i)); 


i = 07 

while ( 
(cp = (char*)stringStash.fetch(i++)) != O) 
printf ("stringStash.fetch(%d) = %s", 


i - 1; cp}; 
putchar ('\n'); 
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JUIUUIUUUUUDDUUUUUUDUUUUDUUDDOUUUUDUDODUDU stashi 
UUUUU 


93 OOUUL 


HOUUUU sea  lU Ii Ui iU uu uu llBU Ii uu Di i uu I i i i i Ii i i Ii I ìi 
IUlnuuunnununnmnn—-Uununnuuunnununnunnunnnmunwn 
HUGLUUUUOUUUOUOUODUUU 

CHI UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUo 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOUY stashi OO 
HOUUUUUO 

stash(int Size);// zero quantity 
stash(int Size,int Quantity); 
HOUUUUUUUO 


stash(int Size, int Quantity=0); 


UU U sashinOlÌ I Uu li —-UUCUUUOCUUY seashGntint[] UU 


JUIUUUUUDDD 
stash A(100),B(100,0); 


IUNDIUIUDNDIUUDNUDUUDDHUDUDODUDONUUDUDUUDUDDUU AHDUDDDUUUDUDU 
IDDDUIUUDIDUUDODDDUUOUUDUDUUDDUUDUUDUUNUIDUUDIUDDUHUDU 
IUDDDUUUDNDIDUIUDDDUUODUDUIUUDIDUUDUUDUDNUIUUDIUDDUDU 
IUUINDIDDDUDDHUDDU 

IUDUDIDIDIUUODIDUUDDDUDUUDUDUDUODDDUDUIUODDDUDUUDUDUUDDL 
IUDUUIUUDIDUIUDDDDUUOUOUUDUIUUDIDUUODUUDUDUNUIDUUDIUDDUDU 
IDDDUIUUDIDUIUDDDUUUDUUUUUDIDUUDUDUDUDUDNUIDUUIUDDUHUDU 
IDDDUUUNUIDUUDDDUUODUDUUUUDIDUUODUDUDUDUDNUIDUDIUDUDDUHUDU 
OOU 

IDUDIDIDIUUODIDUUDDDUUDUDUDIUODDDUUUUDDDUUDUDUUDDL 
IUDIDUIUUDNUIDUIUDDDUUHOUOUDUUUDIDUUDUDDUDUDNUIDUDIUDDUDU 
IDUDIDIDDHUDUDUUODDUIUDODDUODDDUDIDUDUDUDDUUDOUDUDOLD 

IDUDIDIDIUUODIDUUDDDUUDUDUDUOUDDUUDDDUUUDUDUUDDL 
IUUDIUIDIODUDIUUDDUDODDDUODOUUDDDUDUUDUDDDUUDDUU 

void fn(intx /* =0*/) {//... 

IUUDIUIDDUIUUDUIUUDUDDUUODUDDUUDDDDUDUUDUOL 

void f(int X, int = 0, float =1.1); 
0C-HIOCOUOOOOOOOOOOUOUOOUOUOUOODUOUIU 
void f(int X, int,float f) (/*...*/) 

100000 xUTUOUOUUUDUUUUDUUUDUUUOU UUUUOUDDDDUDUL 
OOOO placeholder[] [| fl) f0.2300U00U0U0U0U0UU0U0U0U0UU0U 
IIUUIUDIUUUUUUIUUDUDUDUDDUDDUDDDUDDUDUDUDUDUL 
IUUDIUIUDDUDUIDUDDUDUUDUDUUODDUDUDUUDUDUUUDUDUDUDUDDUL 
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OOOOOOOOOOCOOOOOOOOOOOOOOUCOUOOUOOUOUUUUUUL 

OÖHUOÖUUOUUUU 
JUIUUDUUUUDUUUDUDUDUUUUUDUDUUUUDUUDUDUDUDUDUUULU 

JUIUUUUUUUUDUDUUDUDUDUUUUUUUUUUUUuunuDnuuounoD 


ODD 


UOULUUUUUUUUUUUUUUUUUUUUUUOUUOUUOUOUOUUOUOUOUUUU 
INnlnuuuunuuunnunmunnmmn” on [° off I I II UI I I Ii i ll UI. 
UIUuguguuuuuuUuUuuUuUuuUuuUuuUuUuuuuuunnnnnnnnnnnnnnDHnDUUnD 
UOUUUUUUU 

IUUUUUUDDODDDUUDUDDUUHUUUUUUUUUDUDDDDUDUUUL 

//: FLAGS.CPP -- List of true/false flags 

#include <stdio.h> 

#include <string.h> 

#include <assert.h> 

#define FSIZE 100 

#define TRUE 1 

#define FALSE 0 


class flags { 

unsigned char f[FSIZE]; 
public: 

flags(); 

void set(int i); 

void clear(int i); 

int read(int i); 

int size(); 


); 


flags::flags() { 
memset(f, FALSE, FSIZE); 


) 


void flags::set(int i) ( 
assert(i >= O && i < FSIZE); 
f[i] = TRUE; 


} 


void flags::clear(int i) { 
assert (i >= 0 && i < FSIZE) ; 
f[i] = FALSE; 


} 


int flags::read(int i) { 
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assert(i >= 0 && i < FSIZE); 


return Eli]; 


} 


int flags::size() { return FSIZE; } 


main() { 
flags £1; 
for(int i = 0; i < fl.size(); i++) 
if(i % 3 == O) fl.set(i); 
for(int j = 0; j < fl.size(); j++) 
printf("fl.read($d)- d\n", j, fl.read(j)); 
) 


JUIUDUUUUDUDUDUUUDUUUUUDUDUDUUUDUUDUUDUUULU 
JIUDUUUUUUUDDUDUUUUUUUDUNUUUUDUUDDDU Bitvectori HUUL 
UOLÖUUHUUUÖUUHUUOUUUOHUD bitsOu U OU 


//: BITVECT.H -- Bit Vector - 
#ifndef BITVECT H_ 
#define BITVECT H 


class BitVector ( 
unsigned char* bytes; 
int Bits, numBytes; 
public: 
BitVector(); // Default: 0 size 
// init points to an array of bytes 
// size is measured in bytes 
BitVector (unsigned char* init, 
int size = 8): 
// binary is a string of is and Os 
BitVector (char* binary); 
-BitVector () ; 
void set(int bit); 
void clear(int bit); 
int read(int bit); | 
int bits(); // Number of bits in the vector 
void bits(int sz); // Set number of bits 
void print (const char* msg = wn): 
}; 
#endif // BITVECT_H_ 


UOÖLOUUÖHUHOUOUUOUUUUÖUOUHUUODUUUUID BitVectorf] I i UI i Uu UU UU 
JUIUDUUUDUDUUDUUUUDUUDDUDDDUDUUU bitsod DU UI Ui Uu I UU 
IUIUDUUDUDUUDUUDUUUODUUDUHUUDDDUOUDU bitscoyğ JOUÖUOUÖUUUOUUUHU 
JUIUUIUDUUUUDUUDDODUUUUDUUUUUUDUUUUUUDUuUDnDDuuuu 
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—-UlDluUuuuunnumunuunn 

IUUnnuuuuuuunnuuuuuuunnuuuuuuuunnuunuuunu 
IUUnlDuunuunuunnnuuuuuuunnuunuuuuunnuuunuuuunD 
IUlDluUuuunuuunuuunnuuunununnmunu su 

IUlngnumnunnnu Bicvecorb(O)l I Uu UI i i Ui 8U UU YU BitVector YUU 
IUUlUuUuuunnuuuunnuuuunnuunununnuunununnnunnMu char* [ 
UUlnnuuuuunnuonnuuuuuuununuuuununununuuuuununuunuunu 
IUUDnDuunuuuuUunnnuuuuuuunnuuuuuuunnuuunuunouno 
OODD BitVector] IU UI UI Ui Ui Uu Ii DU Ui UI i Ui I i UI I IJ. BitVector b((unsigned 
char*)O)l II I Ui Ui uu u 83 Ul iu ui Ii I I UI Bitveceor bl] UUUUUUUUUUUUL 
UUUÖOOULD bbits64) DOU su UUUUUU 

UU UU UU char*[] unsigned carl] I I u Uu âŴU Ui uu uu uu uu 
BitVector(unsigned char*,int)[] [lll Ul Ul I UU BitVector(char*)l] [] JO OUOUOUOUOU OUD 
OUUU 

UU printOU OOOO char I I I Ui I Llu U8UU Ui Ui i iu u Iu UF Uu UU i iu i LU 
IUUlnlDuuuuuuUunnnuuuuuuunnuuuuuuununuuunnuuununnun 
IUlnluuuuunnuulnnuuuunnuuuuunnuuuunnuunuuunnwmunu 
UOULUUÖUUOUUUUOUUUOUOUUOUUUUUU 

OUL 

BitVectorl] JUV UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU 
UOULUUUÖUUUUUUUUUUUUUUUUUUUUUULD O100logUOUUUUU 
IUlnlnuumuuunuuuuunnuuunuunuwuwu 

OUUU sell clearOU readO I I Ui. UI uu i u ln llu I ui Ui lu I i iu Li 
pinto] ll UU UW UU UU Uu i uu Uu UI UI iu I I i iJ. Bicvectorl] I I I UI Fi i I UI. 
UU OL 10) 

O O O Bitvecorl] ll i il UI UI iu ui I iu UA i iu uu i lUi ui uu ui 8000 
UHOUOUUUUWDUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
UOULUÖUUUUUUUD Bitvector] I I i Ui Uu UU i uu ui I u au ii i iu i lU i UI. 
O pinto) lU UI UI UI Ii i i I i I. LU 

UUlnlDuUuuuunuwuu 

//: BITVECT.CPP -- BitVector Implementation 

tinclude <stdio.h> 

tinclude <assert.h> 

#include <stdlib.h> 

#include <string.h> 

#include "..\4\bitvect.h" — : 

#include <limits.h> //CHAR BIT = # bits in char 

// A byte with the high bit set: 

const unsigned char highbit = 

1 << (CHAR_BIT - 1); | 


BitVector::BitVector() { 
numBytes = 0; 


78 C++0 000 China=pubcom 
IT 


Bits = 0; 
bytes = 0; 


) 


// Notice default args are not duplicated: 





BitVector: :BitVector (unsigned char* init, 
int size) { 
numBytes = size; 
Bits = numBytes * CHAR BIT; 
bytes = (unsigned char*)calloc(numBytes, 1); 
assert (bytes) ; 
if(init == 0) return; // Default to all 0 
// Translate from bytes into bit sequence: 
for(int index = 0; index<numBytes; index++) 
for(int offset = 0; 
offset < CHAR BIT; offset++) 
if (init [index] & (highbit >> offset) ) 
set (index * CHAR_BIT + offset) ; 


BitVector: :BitVector(char* binary) ( 
Bits = strlen(binary) ; 
numBytes = Bits / CHAR BIT; 
// If there's a remainder, add.1 byte: 
if(Bits * CHAR BIT) numBytes++; 
bytes = (unsigned char*)calloc(numBytes, 1); 
assert (bytes) ; 
for(int i = 0; i < Bits; i++) 


if(binary[i] == '1') set(i); 


BitVector::~BitVector() ( 
free (bytes) ; 


) 


void BitVector::set(int bit) ( 
assert (bit >= 0 && bit < Bits); 
int index = bit / CHAR BIT; 
int offset = bit % CHAR BIT; 
unsigned char mask = (1 << offset); 
bytes [index] |= mask; 


int BitVector::read(int bit) { 
assert (bit >= 0 && bit < Bits); 
int index = bit / CHAR BIT; 
int offset = bit % CHAR BIT; 
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unsigned char mask = (1 << offset); 
return bytes[index] & mask; 


} 


void BitVector::clear(int bit) { 
assert (bit >= 0 && bit < Bits); 
int index = bit / CHAR BIT; 
int offset = bit % CHAR BIT; 
unsigned char mask = ~(1 << offset); 
bytes [index] &= mask; 


int BitVector::bits() { return Bits; } 


void BitVector::bits(int size) { 
int oldsize = Bits; 
Bits = size; 
numBytes = Bits / CHAR BIT; 
// If there's a remainder, add 1 byte: 
if (Bits % CHAR BIT) numBytes++; 
void* v = realloc (bytes, numBytes) ; 
assert (v); 
bytes = (unsigned char*)v; 
for(int i = oldsize; i < Bits; i++) 

clear(i); // Erase additional bits 


} 


void BitVector: :print (const char* msg) { 
puts (msg) ; 
for(int i = 0; i < Bits; i++) { 
if (read(i)) putchar('1'); 
else putchar('0'); - 
// Format into byte blocks: 
if((i + 1) * CHAR BIT == 0) putchar(' '); 
| 
putchar('\n') ; 


} 


JnIUNUIUDUUDUUUUUUUUUUDUUUUUDUUUUDUUUUDDUUUUDDD 
JUIUUUUDUDDDDDUDU felillD DDU UI UI UI UI fer hi I UU UU Ui UL 
HUUUUUUUUUUUOUU YT inifindexJ&(0x$0>>offsel O lU I UU I Uu UU UI. 
O0U0ODOOD 160000 0x80] JOUOUHIHOUHUHUOUD offset OUOUUUUUUO 
JUIUUUDUUONDUUUUUDU 1000 setOU OU UUUUY BitVvector O0 0 0000D 
UUUHUUUUUUUUUUUSE pi Dl UU UU I UUUuuuuuuuu 

JUIUUUUUUUUUDDOUi UI UU I i I i D Bitvectori O l] I UU I Uu UL 
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JUIUUIUUUUDUUUUDDUDUUDSsSUUUUDDUUUD numBytesh VUOUU sU UU 
JUIUUUuDnolUuDUDnuunuununuunuUuguunuunuUusunnunuouu 
UOUUOU 

setOl] clearOl] reed O UH UU 3 Uu 8BU Uu UI I UU UU I UI.) asserttOU I UU UI Ui. LU 
JUIUDUunuUunnunuunguguuougnUunuUUUuUuU sel readOU I I UU. UU 
UIUUUUDU-:UUnUUNDUUUUUD sel UU UU UI UI UU UU "UU" UU UU 
0 100 reaal] DIUIUUUUUUDnuu'n” UUDUUUDUDU cearo I 100000 
UIUUnuUDuuUuunuunuuUunuuUDuun 0 00 -000000000 0000 
HUUOUUUUUUUO 


O O setOU readOU clearOl] UO UU Il Ui I I I clearOl I UI I UI I. LU 
bytes[bit/CHAR_BIT]&=~(1<<(bit 9» CHAR_BIT))D 


JUIUUDDUUDUDUNUUDUUUUUUU 

UUUOUU bto] UU HUOUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
JUUUUUDUUUUDUUDIDUUUDUUUUUDUUUUDUUDUNUUDUUUWUU 
UUUUUUUUE reallocOU I I Uu uu Uu Uu I iU) bye I UU I Uu Uâ3 UI UI LU UU DL 
JUUUUUUUUDUUUUDUUUDUUUDUUUDUUUDUUUDUUUDUU 
0000D realloc0] I UU UU Uu Uu UU UU I U I LU 

printOl] 000 msgel] I I i Ui CUO pusOU UI UL Uu MU I Uu I I i u1 Ui ui 
JUIUDOUONDDUDUUDreadÔD Ilu UU UI Uu Uu UN UL UI Uu i il UU UU I UU Ui Ui 8 
UOUÖÖUUÖUUÖUUÖUUUULD Bivector] ll I Uu Ud Uu «iu Uu Uu I i iU print O] UUU 
HUUUUUUUUUU 

UUUOUUUUUY BitVectorl] WOU UU UU BitVectorf] [] 


//: BVTEST.CPP -- Testing the BitVector class 
tinclude "..\4\bitvect.h" 
main() { 


unsigned char b[] = { 
0x0£, Oxff, Oxfd, 
OxAA, 0x78, 0x11 
}; 
BitVector bvl(b, sizeof b / sizeof *b), 
bv2 ("10010100111100101010001010010010101") ; 
bvl1.print("bvl1 before modification"); 
for (int i = 36; i < bvi.bits(); i++) 
bv1.clear (i); 
bv1.print ("bv1 after modification"); 
bv2.print("bv2 before modification"); 
for (int j=bv2.bits()-10; j<bv2.bits(); j++} 
bv2.clear (j); 
bv2.set (30) ; 
bv2.print("bv2 after modification"); 
bv2.bits(bv2.bits() / 2); 
bv2.print("bv2 cut in half"); 
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bv2.bits(bv2.bits() + 10); 
bv2.print("bv2 grown by 10"); 
BitVector bv3((unsigned char*)0); 


) 


UU byi] bv2[] bv30 O0 I Ul I L Bitvector] O 0 I I UI i D.U setOU clearOU OU L 
0 00 readOU printo] UDD FI Uu UU UU »v»z>UI U LI UU UI Uu UU UU Uu UU 
BitVectorl] WU UI UI UI UU I'L 

JuUIUUHDUDUUD CU lU UID bissl] bisstrinel] ll UU I Ui UU I Uu u BU UI. 
JUIUUUUUDUUL 


5.4 UL 


IDluUunnuunuuunuunuuunuunnuuunuunnnununnnunn 
HOUUUUUUOY Bicvecor] I UU I UU I I eis OD LI UI UI LI ÎE LL 

int bits(int sz=-1); 

IUUUuunuunuunnunuunuu-uUunnunuunnuunnmuununnu 
HUOUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOo 

O0 bt lllUluunnunuuunnuuuunnunnuunnuuuunnunuwn 
IUluUunnuulnumunuununnnuuunuunumunnuuunuununnnunnunu 
IUluUunnuulnuunuunuunnnunuunuunuuununuunuununnnuwmnun 
IUlUuunumuuluumunuununnnunuunuunuununuununuununnnunun 
lnuunuunuunuunuunuunnunnnunuwn 

IUluUunnuunuunuunuuunuunnnuuunuunnnununnnunn 
UJ-IIUlDuUuuunnuunnmuunuuunuunuuununnnunnnuunnunun 
IUUunnnHnDUuUuuuuuuuuuuuunnnnuuuuununuuuuunnnnwun 
ANN 


int i=bv1.set(10); 


JUIUUUDUUDUUDDUUUUUDUDUUUUDUDUUUDUUUUUUUUDU 
JUIUUIDUUDDUUUUUUUDDUDUUUUUDUUDDDDOUOUUUUUU -10 
JUIUUUUUDUDUUDDUUUUDDUDUDUUUDUUUUUUUUDUuuUuUuguuuunoD 
JIUDUUUDUDUDUUDUUUDUDUDUUUDUUUUUUUUDUuUUuuuuunoD 
JUIUUUUUU 
JUIUUDUUUUDUUDUUDDUUUUUUDUODUUUDUUDUDUUUUUUDULU 
JIUUUUUDUDUUDUUUDUDUDUUUDUUUUUUUUUDUUUUuDUuno 
JIUDUUUDUDUUDUUUUDUDUDUUDUDUUUUUUUUDnUuuUuuuuuunoD 
JUIUUUDUUDUD 
JUUDUUDUUUUUDUUDUDUUDUUUUUDUUUUDUUDUUDUU 
JUIUDUUUDUDUUDDUUUUDUDUUUDUUUUUUUUDUuuUUuuuuunoD 
JUIUUUUUUDDDUUUDUDUUUUUDULU 
JUIUDUUUUDUUDDUDDUUUUUUDUDUUDUUDUUDDUUUUUUULU 
JIUUUUUDUUDUUDUUUDUDUDUUDUDUUUUUUUUDnUuuUuUuuuuunoD 
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1)OUUU message] JOUÖHOÖUOUOOUUD cha*l] UI i Uu DU I UU I i Ui. LU 
cha*l] Ill UU I UU IIu Uu UU Uu I Uu Uu DU i uu ull Uu UUuuuUuuno 
UUUUUUU print OOHOUHOUOHOUHÖHOUHUUHOUHOUHOUÖUUHÖUOUÖUUOÖUE char*) 
JUUIUUUUUUDUUUDUUUDUUUDUUUDUUUUDUUUUUDUUDUU 
UOUUOU 

2UUuUDUuUDuUDnDUuuUUuuDnuguUuuDnnuuunnDuuuu 

3) UOUUHUOU STASH4H[] STASH4.CPPLH TOU OUUUUUUUUUY stashi O L 
UOUUUUUO 

4) UU flags] O Bitvectorlll] UI U Uu Uu U83U I Uu HU UU U I i UI setOl] clearOU 
read()[] [] index[] offset] maskl] ll UU lu iu HU nUUUunuuuuUuDuuuunu 
JUIUUDUUUD DULL 

5) O FLAGS.CPPH II UU Uu Uu Uu UU Uu Uu UU UU UU ui uu. UY 
JUIUUUUUUDD ODDUUUDUUUUDDUUUUUD 
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JUIUUIUUUUDUDUDUUUUDUUUUDUUcUUDUOIUUUUUUUUUUu 


UOUUU 
JUIUDUUDDUDU VO UUDUUDUUUUDUUUUUDUUUDUUDUDUU 
UUUUUUDUUU'HUU”—UUFPVOUUUUUDUUUU—uUUUUUUUUUU 


JUIUUUDUDOUUUUUUUUDUDUUDUUUDUDUUUU CHUUUUUDU 
JUIUUUUDUUDUDUUUUUUUUUUuu 

JUIUUUUUUC—HUUUUDIUUDDUUUUUUUDUDUUDUUDDUUUDUUWD 
JUUIUUUUUUUUUUUUUUDUUDUUUUUunu CVOYOUUUUUUUUUUUO 
JUIUUUUUDUUUUUUUUDUU 


61 DUIUDDUUUUL 


IDUUUUUUUDUDCUIUUUDDDDDDDD CUUUUUUUUUUUUUUO 
HOUUUUUU CUHUUHUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
UNUuuuuuuuuuuuuUuuUuUuUuuununHnunnunnnnnnnnUUDUUDUUL 
O O closeOL] UU 

//: FILECLAS.H -- Stdio files wrapped 

#ifndef FILECLAS H 

tdefine FILECLAS H_ 

#include <stdio.h> 


class file { 
FILE* f; 

public: 
file(const char* fname, const char* mode="r") ; 
~file(); 7 
FILE* fp(); 

); 


#endif // FILECLAS H_ | 
UIcInununnroluinunuununuunnnuunuuunnuununuuunuun 
IUlnlnnunuuuuuuunnnunuunnuuuunnnuuuunnuunnnnuuwun 


010000°r000°00 0 
100 vol 0U0U0U0U0U0U0U0UUUUUUU fOUUUUUUUUUUUUUOUUE 
//: FILECLAS.CPP -- Stdio files wrapped 
tinclude <stdlib.h> M 
tinclude n, ASVEileclas.h" — 


; i i | 
file::file (const char* fname, const char* mode) { 
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£ = fopen(fname, mode) ; 
if (E == NULL) { ’ 
printf ("%s: file not found\n", fname) ; 
exit (1); 
} 
) 


file::-file() ( 
fclose(f); 


) 


FILE* file::fp() { 
return f; 


) 


JUIUUUuUuDnuuuDnub epnOlUUUUUUDnDUunguunuUunnuuno 
JUIUUUUUUUUUUUDDUUUUUDUUUUDDUUUUUUUUU eiOl UI Ll 
JUIUUUDUUDDDUUUDDPODUDAOUIUUUUUUUDUDUUUDDDU 


//: FCTEST.CPP -- Testing class file 
tinclude <assert.h> 
tinclude "..ASAfileclas.h" 


main(int argc, char* argv[]) { 
assert(argc == 2); 
file f(argv[1]); // Opens and tests 
#define BSIZE 100 
char buf[BSIZE]; 
while(fgets(buf, BSIZE, f.fp())) 
puts(buf); 
) // File automatically closed by destructor 


JUIUUUUUUDUUUUDUUUUUPODUUDUUDU PO lll UI Ui. 
JUIUDIUDUDDUUDUDUDUUUOUOUUUDUUUUUuunu 


UOUUUUU 


JUIUUIUUUUUUUDDDfPOUIUUUDUDUUUUUDUDUUDUUUDUDUUUU 
OUOUHUUÖUUUUOUUUUUUOUUUHUUUUOUUUUUUOUUOUUUUHUULU fpo 
nCSuUUuuU”Uuuuuef—uuunuunUuuDuuUnunnuseonunuUwunu 
JUIUUUUUDUUUUUUUUDUDUUUDOUUUDUUUUDUUUUDUuUuUuu 

JUIUUUUDUDUDUUDUUUUUUDUUDUUDUUDUDUDUDDDUDUD Vo L 
JUIUUIUUUUDOUUUUDUUUUUDDUCUUDUUUUDDUC—UDUUDUU 


//: FULLWRAP.H -- Completely hidden file IO 
#ifndef FULLWRAP H | 
“define FULLWRAP H_ 
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#include <stdio.h> 


class File { 
FILE* f; 
FILE* F(); // Produces checked pointer to £ 
public: 
File(); // Create object but don't open file 
File(const char* path, 
const char* mode = "r"); 
~File(); 
int open(const char* path, 
const char* mode = "r"); 
int reopen(const char* path, 
const char* mode) ; 
int Getc(); 
int Ungetc(int c); 
int Pute(int c); 
int puts (const char* s); 
char* gets (char* s, int n); 
int printf (const char* format, ...); 
size t read(void* ptr, size_t size, 
size t n); 
size t write(const void* ptr, 
size t size, size t n); 
int eof(); 
int close(); 
int flush(); 
int seek(long offset, int whence); 
int getpos(fpos_t* pos); 
int setpos(const fpos_t* pos); 
long tell(); 
void rewind(); 
void setbuf(char* buf); 
int setvbuf(char* buf, int type, size t sz); 
int error(); 
void Clearerr(); 
Yi 


Bendif // FULLWRAP H _ | 

UOULÖUUOUUUÖDUOUSTDIO. HL UU vou UULU yfprntfOD I I Uu I i UU. LU 
O printfOU UU UU 

File] Il I lnnuuunumuunuuunuuuunununnmumnun Fiel U 
HOUUUUU Fl DOUUUUUUUUUUUUUUUUUUUUUUUUUUUoo 
HUUUUUVUUUUUUUWUUUUUUUUUUUUO 

HOUUUUUUUU File] U TU OUUUUUUUTUUUUUUUUUUUUUUOUO 
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IUlunuuuuolnunuUunnnunuunuuriununnunriunnuuuuunn 
HOUOUUUUUUUMUUUUUUUUUUUUUU) Filed UO" 
IUlUunnuuunuunumuuuuununuuunuununnnuunununwun 
HOU VYOUUUUUUUUTUUUUUUUUUUUUUUUUUUUUUUU 
UUlUunnuunuunuunnuuunuunuuunuunnnununnnunun 
IUUunuungnunuunmunuununnuununuuununn 
HNOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUO 
printf("%c",'x'); 
HUUUUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
YUUUGHVUUUVUUVUUUUUUUUUUUUUUUUUUUUUUUoUUoo 
IUlumunuuunnumunuununnnuunuununnnuununnunnnuwnunu 
IUunuununuuunuunuunnununnuunnnnunnn printod I Il I UI LU 
OOU 
>UUUUUDUUDUUDUUDUUDUUDUUDUUDUUUUUDUDUUDUDOL 
IUUunnunumumnnnumuwun pirfO I iU uu iu Uu iu li lU UI i Uu Ii UU uu UI I Ui. 
HOUOUUUUUUUUUU CHOU UU UUUUUUUUUUUUUUUUUUUUoUo 
IUunuununnununvolnnunnunuunumunnnuunnunnwun 
4) C-8IOOUOCUOUÖUOUUUDUD pintfOl II I Ui UU UI i i i I hi i i I Ii UI CH 
InlDluUluunnuuuunnuuunnuuuunnuuunpnmnnunnunnunununwn 
OUUU printfOll scanfOll I Il FU â UU UU Ii ui ui I I i I EI LE LL 
IUunuunuununuunnnnunnun pinfO II Ilu UU Uu iu BU Uu I i iU LU I Ui. 
HUHUUUUU CHOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 


62 WOUUUUUUUL 


JUIUUUUDUDUUUUNU cU UUUUUUUUUUUUUUUUUYE vouU 
“ hello,world” QOHOUUOUUUO0UUUUUUUUUUUUU.UUUUVOUUUUUY 
HUOUUUOUU C+UU VOIOOÖUOUÖUUOUÖUOUOUUOUUUOUUOUOUOUOUODUUUUUU 
JIUUUUDUDUDUUDUUUDUUDDUDUUUDUUUUUUDnuUuUuuuuunoD 
UOUUUUO 
JUIUDUUUUDUUDUUDUDUUUUUDUDUDUUDUDUUDDUDUUUL 
JUIUDUUDDIDUUUUDUDUUDUUUUUUDUDDUUUU PO UI UI UI UI. LU 
JUIUUIUIUDUDUUUDUUUUUUUUDUUUUUUUUUUUCc—UDnUUuuUuu 


6.2.1 IUDDIUUUUWU 


JUIUDUUUUDUDUDDUUDUUUUUDUDUUDUUNUUDDUDUDUDUUUU 
JUIUUUUIUUUDUUDUUUUC—UUlUUuUUuDuunununuunuguuuunu 
HOU" <<" 0° >"GOUOUO* UUUDUUUUUU'UUUUDUUDUUU 

JUISIUUDUUUDUUDUUUDUUUUUUDDUUDUDUUDUUDUUDUULU 
JUIUUIUUUUUDUUUUUUUUUUUUUDUUDUUDUUUUDUuUDUuuUuuuu 


[1] FULLWRAP test file] | I IU Un IUununnuunuunu 
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UUUUUUUUUUUUUUOU 

100000 C-JOUOÖUUHOOUUUOUOUOUOUUUUOUOUOUUUUUOUOOUOUOUOUI 
HUHUUHUUUUUOUUOUUUUUUUUUUUUUO 

JUIUUUUUDUDDUDUUUUUUUUUUUUUDUUn COUUUUUUUO 
JUIUUUUUDDUUUCc—HUUDDUUUDUULU 

NUOUCHUUUUOUUU C+HIOUHOLN CHLLOCOUOOUÖUOUOHUOUÖUOOHUDL CHOY 
“UU'UUUUUUUUUUDUUUDUCc—UUDUUUUUUUUUUUUUUD cUL 
UUUOUUDU 

YUCH+HOHUUUUCHOUUUUUUUUUUCOUUUUL 

JUIUUUUUUUUUDUDUUUDnUDn COUCHHUUUUUUUUUUUUUUO 
JUIUUUUUUUUUUUUUUUUUUDUUDUDUDUUDUU—r-UUDUUUuuuunwnu 
JIUUUUUDUUDUUUDUUUDUDUDUUUDUUUUUUUUDUUUUuuuno 
JUIUUUDUL 


1<<4[] 


JUIUUUUUDUDUUUDUDUUUU 


1.414<<1; 


JUIUUUUUDDUUU 
6.22 O00000 


IUNIUUuuunuuuuuUuuuuuuunuunuuuuuuunununmnun” <<” 
IUUuunuunugnuuuuuuuuu”>'DuuuunuunwD 

INUuUuuUuunnnnnuuuunnunuuuunnnnnnu istream lll UI I Ll 
[Q ostream I I I UI UI I I I i I I I LI DU L U Gfstreams)[] O O O Ll Ll (ofstreams)[] char* 
HOUUUUUUUUUUU HL istrstreams[] O O O O (ostrstreams)[] O O O O O C+HJÜ string[] 
UDD DL DL Ll istringstreams[] O O O O O (ostringstreams)l] DI ELI LLI I LI LI LI POLI Ll 
HUOHUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUoo 

IUuunnnuunuunuuuunmuuunnnnuuuunnuunnnnuuwnu 
IUlUuunuunuuunuunnununmnnnun cn lU I uunu emf UI 
HU CU sd I I I UI UU UI i Ui iu I liu uu DI iu Ii I i I i i LI LI. JOSTREAMEHILI U 
IUUuuunnuunnumunnuuunuuunnununnunununnurn 

int i; 


cin >> 1; 


float f; 


cin >> f; 


char c; 


cin >> C; 


char buf[100]; 
cin >> buf; 
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UIUUUUUUUUUDuu'>UUUDUUUUUUDuHuuUUuuun” >>” 000 
JUIUUUUUUUUUUDUUDUUDUDDDUUDUUUDOULD 

UIUUDnUUuuUUuuUUUuUuUDUUUUUDUuUD”Du” <'Ucolll UU UU U 
JUIUDUOUUUUDDDOUUDDDU ceri DOL 


cout << "i = "; 





cout << 1; 

cout << "Nn"; 
cout << "Ë = "; 
cout << £; 

cout << "\n"; 
cout << "ce = Yi 
cout << C; 

cout << "ân"; 
cout << "buf = "; 
cout << buf; 


cout << "An"; _ 


JUIUDUUDDUDDUDUD prinfFoOoUHOUUUUOUUUUUUUUUUUUUUUOUO 
JUUUUUUUUDUUUDUUUUDUUUUDUUUDUUUDUUUDUUUDUU 
UU 


cout << "i = " << i << endl; 


cout << "f " << f << endl; 
cout << "cœ = " << C << endl; 


cout << "buf = " << buf << endl; 


INnlnluUuuunnuuunnuuununumuunnnununnumunnnununn 
HOUUU 

LOQOUUU 

HOUUUUUUUUUUUUUUUUE enill I I Ii i UI i i iu uu RI i Ui iu I I I. 
UINUluUlnnnuuuuunuunnnnuuumnnuunnnnunuunnuununnntnun 
OOOO 

cout<<flush[] 

HOUUUUUUUUUUUUUUYS oct Ll ODI deed U Ll OL hex UO 000 


cout<<hex<<"0x"<<i<<endl[] 
10000000U00U0U0 OU 000 
cin>>ws[] 


UUOUUU ends] ] I I UI ena I UU HI UI. i Ui. strstreamsi O O O O OOOD 
IOSTREAMH]UUUUUUUIOMANIPHI I UUDUUUUUDUUUUUD 


6.2.3 DDOD" 


UU cn] 0007 >>" IcouollllllU” <<" UUUUUUUUUUUUUUUUUL 
JUIUUUDUDUUUUDUUDUUOUUU seanfOUUUUUUUUUUUUUUUUUUY 
JUIUUIUUUUUDUDUDUUUUUDUUUUUUDUUDUUUUUDUUDDUUUu 
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UOUUUUUUUUUO 
//: IOSEXAMP.CPP -- Iostream examples 


#include <iostream.h> 





main() { 
int 1; 


cin >> i; 


float £; 


cin >> f; 


char c; 


cin >> G; 


char buf[100]; 
cin >> buf; 
cout << "i " << i << endl; 


cout << "f << f << endl; 


cout << "c " << C << endl; 


cout << "buf = " << buf << endl; 


cout << flush; 


cout << hex << "0x" << i << endl; 


) 
UOUUUUO 


12 1.4 c this is a test 
IUDDUIUHUDDHUUUDUUD 

12 

1.4 

this is a test 


HOUUGWUUUOUUUDOUO 
i = 12 
f = 1.4 
| = this 


O00 bt IOÖUOCOUOÖUOUÖUUOUUUOUOUOUUUOUOUOUOUOUOUUOUOUUUOUODUOU 
“ti” DUUDUUUDUUUDUUUDU beU UU II U3 UI UI I UD buth ODOL 

OOOO cip Ii iu LUI uu UUN iu Uu UU Uu U3 Ui Uu GU Uu UU I i UI LU 
JUUUUUUUUUDUUUUDUUDUUUDUDUDUNUUDUUDUUUUDUUUDUU 
JUIUuUUunuUununnunnuDuUuUnnnmuuno 


90 C++0 000 China=pubecom 
ee 


JUIUUUDUUDUUDUUDUUUDUUUUDUUDUUDDUDUDUUDUDUUUL 
JUIUUIUUUIUDUUUUUDUUUUUUUUUUUUcueUUUUUUUuUDnnDuuuu 
JUIUFPOIUDUDUUUUDUNUODUUUDUUDUUUUDUUDD cn I I UI I.D 
UOUUUUU 

)LUUUUUUUDDUUUUUUUUUU—-—UDUUUDUDnuUuDUunuuuuouu 
UUUOUU GSUINUOUUUUUUUUUUUUUY 

YOUUUUUUUOUUUUUUUUUUUUUUUUUUUUUUUUUUUOUUo 
HOUUUOUUUY 

>UUUUUUDUUUDUDUUOUUUUUUUUUUUUuUDnDuouuuuuuu 
JuUIUUUUcel I i iu UU UI UL i Ud3Uu 8BUUU UU UU UU col] I i i U i I Ui 
JnUUecel I Un Uu UU Uu Uun UU UI UL Uu Uu UU UU UUuIUunuununuUu 


624 IUOOUOU 


UUUUUUUUUUUUUUUUUO set” UC getini I] I i iu HU I Uu II. 
JUUIUUUUDUDUUUODUUUDUUDDUDUUDUDUUUUUUDUUUUuUuno 
NnIUUnUDuUuuUUunuHUuuuUnuuu” "'UUUUUUUUUUUUUUUUUUuu 
JUIUUDUUDU 

LOOGÖHOUUOUOUOUOOUOOOOOOOD seil lu UU I iu iu Uu UU Ui UI iL 
JIUUUDUDUUDUUDUUUODUUDDDUDDU gell D DD UD i Ui i Uu UU UD 
JUIUUDUDOUOUUUUUD sell UU UU UU 3 UU Uu Du UU Uu DU UI Uu I I. LL 
getline] HUH I i Uu Uu iu iun iu uuuuUunuguoDugDuguuuuou 

JUIUUUUUDDUUUUUDDUDUUUUUUUUUUDLNDUDUUDD getline H 

I.gettJOUUUUU 

geellll I Ilu CU Uu Uu UU Uu Uu Uu Uu Uu UU Uu Uu 43 Uu Ui Ul iU. int LU 
JIUDUUUUUUDUDODUUUUUUUUUDUUDUOUUUUUDD 10000000 
JUIUDIONUIUUDDUUUUDDOUOUUUUDUUUUUUOUOUUUUDUULU 

2.0UU0U 

JUIUUIUUUUDUUUDDUDUUUUUUUDUUUUUUUDOUDUUUUDUDUUunD 
red] Ul Ul Ul Uu UUUUUUuDunnuunuunlulunuunguuusnuuuwuunoD 
JUIUIUUUDUDUUUUDUUDUDUDUUUUUDUUDUDUUUUUDUDUUuDuDu 
write} JOUULOUHOUOUUUÖUOUODUOUUUHOUOUU 

3. UUU 

UUUUUUU gel]OOOOO geel] UU getlineQOOHUUUUYUUUUUUUUUUO 
UUUUUU setHOUOUUUUOUUU EOFI UI Uu Uu Uu Uu Uu UU Uu Uu Uu UU I Uu Uu 
HUUOUUUUUUUUY goodi OO eof[] OO fail] O O baad I i i u DU Uu Ui I I iL 
JUIUUDUDDUDDUD eofoitH I UL Uu Uu Uu DU DU fallbitQ Il] IJ I Uu Uu TU i. 
UOLÖUUHUUÖUUHUODUODODD badbid] O 00000 OL 

JUIUUDUUUUDUUDUDUDUUUUUDUDUUDUUDUDUUUDDUDUUUL 
JIUUUUUDUDUDUUUUDUUDDUDUUUDUUUUUUDUuUDUUuouUuno 
JUIUUUUDUUUUUunUununuSUunDuUDHuUUuU red I I LU Uu i I Uu UU 
JUIUUUUUUUDUDUDDUUUUUDUUUUUUDDUDUUUUDUUDUDUUUu 
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JUIUUUDUUUDUUDUDUDD wnileccin)[] ifcin lll I UL Ul UU Uu Uu I Uu UI LU 
JIUUDUUDUDUDUUUUDUDUDUUDUDUUUUUUUDUUDUuUUDUuoDuDunob 
UUIUUNDUUUUUUifUUD cn UU Ul UU UU O 'UU UU UU I UU U UU 
JUIUUUDUDUUNUUUUUUUUUDUUDU 

JUIUDUUUUDUUDUDDUDUUUUUUDUDUDUUUDUDUUDDUDUUUL 
JUDDUDDUU eofbit] falbeid I] UI U3 Uu Uu Uu UU Ii Uu i ui aUu iu i iu uUuiuUuu 
JUIUDUUUUUUDUUDUUUDUDUDUDUDUUUUUUUUDUUUuUDuuunob 
JUUUUDU cearo UUUUU “U 


63 JÖUOUOUUU 


UUUIUUDUDDUUD CUIUSTDIOHDDDUDUIUIDDUDUUDUUUUDUDUU 
UUIUIDUUUIUUDIDUUUUUDUUUUDDUUUUUUUUDDDUUDUDU clos) 
UUUUIUIDUUDUUUODUUUUUDDUUUUDDUUUUUOIDUUUUUDDUUU 
OOOO efsseeemll]lllll iUuDnuunluUuUuuulnDuUuUuungnuuUuuUnuuunw 
FSTREAM 0 00000000 VOOOOOOD JOSTREAM HO 0 0 


//: STRFILE.CPP -- Stream I/O with files 
// The difference between get() & getline () 
include <fstream.h> // Includes iostream.h 





tinclude <assert.h> 
#define SZ 100 // Buffer size 


main() { 

char buf [SZ]; 

{ 
ifstream in("strfile.cpp"); // Read 
assert(in); // Ensure successful open 
ofstream out("strfile.out"); // Write 
assert(out); 
int i = 1; // Line counter 


// A less-convenient approach for line input: 
while(in.get(buf, SZ)) ( // Leaves ân in input 
in.get(); // Throw away next character (ân) 

cout << buf << endl; // Must add Nn 
// File output just like standard I/O: 
out << i++ <<": " << buf << endl; 


) 


) // Destructors close in & out 


ifstream in("strfile.out") ; 


assert (in); 


I] OOOOUÖHOUOUOUOUOOHOUODOUOUODOOUODOUUODOUOUODOUODODUODODUODODUU 
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// More convenient. line input: 
while (in.getline (buf, SZ)) { // Removes An 
char* cp = buf; | 
while (*cp != ':') 
Cp++; 
cp += 2; // Past ": " | 
cout << cp << endl; // Must still add An 


} 

} 

O O ifstream[] ofstreamY O O O O assertOUHHUUUUUUUUUUUUUUUUUO 
JUIUUUDUUDUDUUDUUDUUUUDUDODUUDUUDUUUDD GOUUUDDUUWDU 
JUIUUUUUD UUUUUD HUDOL 

UUU while] JOD seOl I LI Uu Uu Uu UU UI UU UI sZ-I LU I I U UI .LU 
nIUUNUUDUDnU” WL ee JlUHÖOUOOUUÖUUOUOÖUUOUOUUOUOUOUUOUODUOODUUU 
eell JOUOUUOÖUUÖUOUHUOUUUHUOUHUODUOUUOOULD sell WUUUUUUUUO 
ingetOll I I IU UU ge JOOUOUÖUOUOUUUOUOUUUUODON mtWHUOUUUUUUUO 
ignore] I UI lU UI Uu U3UUI iu HUN iUU I Uu &UU i Uu i Ul UU I Ui UI UI Wad 
UUUU ignoeQU I Uu MU UU UU I U I ADODO EOFI 

JUIUUUOUUUUDDUOUUUUUDDUUU coui otWHUOOUUUOUUUUUUUUO 
IUIUDUUDUDUDUUDUUDDUUDDUDU ostreamYOUUOUUUUUUUUUUUO 
HUUHYUUUUUUOUUUUUUUUUUUUUO 

DU sednel] ID DU UU Uu Uu UU UU UU uu U3 UU i il uu ui un uUuUuuouunu 
JIUUUUDUDUUDUUUUUUOUUDDUDDDUDUUUUUDUDUUUUDHUUUD 
JUlUleu]DUDUUUUUUUUDUuUuDuuDuunuUuPuu”Duuuuuuuuouu 
U close] O Ul I I. Uu HU U I UU open U UU I UU I ia hi UU Uu IU Uu I 2000000 
JUUUDIUUUDUDUUDUDOLD 

000 while] UUU gedine I DI Ul Ui DU UU Uu UU i ui au ui I Uu UU Ui. 
Unn” WT OÜ gedineOll getOU I IU UI UU UI UUN Uu3UUu Uu Uu uu UU UI UI. 


OUL 
UUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUO 
— oo. OD 
ios::in UOUUOUUUUUUUUUUUUY ifseeml]l]ll ll I Ll 
UNnUununununuu 
ios::out InUIUUHDIUUHUUDUDUUUU ios:appll ios::ate[] ios::in 
[] ofstream[] [] ios::trunc[] [] [] 
ios::app UUIUDUIUIUUUUDDUU 
ios::ate UnNuNnUHUDUDUDUDDUUDDUDUDUDUDDUD 
ios::nocreate UOHUUUUUUUUUUUUUO 
ios::noreplace UUIUUUDUIUIUUNUUUDDUDDUDUU 
ios::trunc UnnuUngunuuunununnnwun 


ios::binary UUHUOUUUUDUUUUDUUUOUU 
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ll F—_—_—_—_—_____vV --__--—_ 


UUIUUNUUUU”UD'UORUUUUUUU 
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JUIUUDUUUUDUUDDUDUDUUUUUDUDUUDUUDUUDUDUDUDUUDUUUL 
JUIUUUDUDUDUDUUDUDUUDUDUDUDUDUUUUUUUUUuuuuunob 
JUIUDUUDUDUUUUDUUDUUUUUUDUUUUUDUUDUDUUUNU VOL 
JUIUUUUDDUDUUDUDUDODUUUUUUUULU 

JUIUUUUUUDUUDUUUDUUUUUDUDUUDUUDDUUDUUDUDUUUU 
JUUIUUIUUUUDUUUUUDDDUUUUUDUDU sreamburi] DUO UUUUUUUUOU 
UUUUUUUS steambuff] I Uu Uu Uu Ui ui Ul VOUUUUUUUUWUUUUUO 
00 streambuff] O O O OOO streambuf] I I Uu BU Uu Uu Uu UU Uu UU i Uu u uu 
JUIUDUDUUDDDOLD streambuff] l] UU II Uu U3 U I UID 

JUIUUUDUDDUNUUNUOUUUUUDUUUUUUUUDDDDD UL steambuff]l] O L 
JUIUDOUDUDDUUU sreambuf] I UL UU Ul U I UU UL 

UUUUUOUH sreembuf] VOUUUUUUUY raeufOD UUUOUUUUUUUUO 
UUUY streambuff] JUUOUUUUUUUUUUS streamouf l] UI Uu UI UI UI. LU 
streambuf I IU UI Uu UU UI U3 UI Uu UU” <'UUDUUUUUUUDUUUUDUL 
100000U0000U0000° < OOOO 
JUIUUUUUDUDUUUUDUDUDUDUDUUUUUUUUDUODUUUuDUuDUDD 
UOUUUUO 

JUIUUDUUUDUUDDUUDDUUUUUUUUDUUDUUDUUDUDUUUUUUUuu 
ODI 


//: STYPE.CPP -- Type a file to standard output 





tinclude <fstream.h> 


tinclude <assert.h> 


main (int argc, char* argv[]) | 
assert (argc == 2); // Must have a command line 
ifstream in(argv[1]); 
assert(in); // Exits if it doesn't exist 
cout << in.rdbuf(); // Outputs entire file 


) 


JUIUUUDUUUDUUDUUUUDUDUDUDDDUDDUUDUDDODUDU ifstreaamJ O O OD 
HUOLÖHUHUUUUÖUUHUUOUUUO UL assertin)[] O L 
JUIUUUUUDUUDUUUDDUUU 


cout<<in.rdbuf()[] 


HOUOUUUDUUUOD cout VOUUOUCUUUUUUOUUUUUUUUUUOUUUUO 
0 0 0 streambuf[] getÔLl LI 
HOU getQBOOUOUUUUCUUUUODUY sreambuff] J OO UU0U UO streambuf[] O 0] 
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UOUUUUUUUUUUUUUUUUUU ODDUuUuuuunnmnnuuuuunnunuwnuno 
sel I I I I UI UI Ii Ui i UU Ui Ii i Iu Uni Uu i i i I I i i 
//: SBUFGET.CPP -- Get directly into a streambuf 


Hinclude <fstream.h> 





main() ( 
ifstream in("sbufget.cpp"); 
while(in.get(*cout.rdbuf())) 


in.ignore(); 


) 


rdbufO] Il Uu UU UU i Dl Uu IU UU Uu UU Uu Uu UU Ui I UI sel I I LU 
lUIUUUTIUDDUUDDDUUDUL ignoreYOOUUUUUUUU seod I UI UI IL 
ANNA 

JUIUUUUUDUUUUUDUNUUUDDUUUUUDUUL 


co TOUUUUUUUL 


UUDUUUUUUUUUuw Uunu'uUuDuUUuUuUUuUuuUuuuUuuDuUuUUuuLu 
JnIUUUUUUUDUn ui UUUnuUuUugumusDuuuuuUuuusununuuunuuunu 
UOLOUUÖHUHUOHULD streampos] I i Ul U LI UL I I U CU UU seek O HOUHÖHUUUU 
JUIUUUUDUDDUUDUDUUUUULU 

OOOO streampos]] I UI I 1." tel” Ul UI I Uu UI IU «ep I UU LLU 
OOOO teisi OOOO p"U 000’ s'U UIUU'UUDUUUUUDUUUUDUU 
UUUUUUUUUY steamposi I I Uu UU UI UU UI seekepHOUUUUUUUOU 
U seekel] I UU Uu dU I. Uu Uu U U UL]. streampos[|] 

HOUUUUUUUUUUY seekpH UU sekgel] Il UI UI Uu Hu u3 Uu Uu dU I Ui I UL 
JUIUUUUUUUUuUgununuUuDnuDnmuuno 


Ios::beg IUUDUDD 
Ios::cur DDIUDUDOLD 
Ios::end 11 EEE: E 


UOUGLUUUUUUUUOUOUOUOUUUUUUUUOUOUUOUUOUUOUUUUUL CO Ce] 
O STDIO.HO O O O CHU UU UU UUUUUUUUUUU GUUS emf cout] O OU 
00000 

//: SEEKING.CPP -- Seeking in iostreams 

#include <fstream.h> 


#include <assert.h> 


main(int argc, char* argv[]) { 
assert (argc == 2); 
ifstream in(argv[1]); 
assert(in); // File must already exist 
in.seekg(0, ios::end); // End of file 
streampos sp = in.tellg(); // Size of file 
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cout << "file size = " << sp << endl; 

in.seekg(-sp/10, ios::end); 

streampos sp2 = in.tellg(); 

in.seekg(0, ios::beg); // start of file 

cout << in.rdbuf(); // Print whole file 
in.seekg(sp2); // Move to streampos 
// Prints the last 1/10th of the file: 


cout << endl << endl << in.rdbuf() << endl; 


) 


JUIUUDUUDDDUUUUUUUUUUDDDUDOLUD ifstream[] O O O assert UU 
UUUIUUDUgUuuUuuUDUUuUDUUUUD seekgSHUUOU" UUU'UUUUUUUuu 
UOUOUUUUUUUUUUUY streampos[] O O longi typedefY O O O O telg OO O OD 
JUIUUUNUIUUUUUDUUDDUUUUUDUDDD Moi —U0U0 00u 
JIUDUUUDUDUUDDUUUUDUDUDUUUDUUUUUUUUDUuUUuUuuuunoD 
L] streampos[] O O sp20 OU O seekgsl]l UI UU Uu HU I UU UU 3 9 U I i UI. rdbufi OU 
O O streambuf] WOUUUUUUUU seekgl] I I UUUU streampos s20 I I UI I UI LU 
JUIUUUUDUDDUDUDUUUWD 


HOUU0UO 


UUUU streambuff] I I UU UU UU uu Iu Uu Uu aUu UU Uu UU UI Uu Ui. LU 
JUIUUUDUUUUUUDUD ifseeml] I iU uu Uu Uu Uu Uu Uu UU i UUuUuuouu 
UUUOUY ifsceeemil I JU il UU 3 Uu U3 UU Ii Uu UU i L ostream[]] 

ifstream in("filename", ios::in|ios::out); 

ostream out(in.rdbuf()); 


JUIUUIUDUDUUDUDUDUDUOUUUUUUDUDUUUUUUDnuDnu 


//: IOFILE.CPP -- Reading & writing one file 
tinclude <fstream.h> 
main() ( 


ifstream in("iofile.cpp"); 

ofstream out("iofile.out"); 

out << in.rdbuf(); // Copy file 
in.close(); 

out.close(); 

// Open for reading and writing: 

ifstream in2("iofile.out",ios::in|ios::out); 
ostream out2(in2.rdbuf());. 

cout << in2.rdbuf(); // Print whole file 
out2 << "Where does this end up?"; 
out2.seekp(0, ios::beg); 

out2 << "And what about this?"; 
in2.seekg(0, ios::beg); 

cout << in2.rdbuf(); 
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UOLOUUÖUÖHUHUUUUOUUOUULUD iofiieou] I Ul Ui Uu UU I Ul Ui LU 
JUIUUUUUDUUDUUDUUUUDUUDDUDUUUDUUUUUDUDUUDUUUUUuD 
UNnIUUNDUUUDUUUUUD cou<<in2rdbofOI OUOUU" OU" UIUUUDUUUUUU 
UO" OU" UDUUUUUDUUUUUUUUU' Where does this end up?” O0 UI UIUDUU 
10008050 0000 sekpHOUUOHUUOUUOUUUUUUUUUUUUUUU 0 
JuUUDsekelll I DU I Uu «UI iU UF u UU IU i ua a i Uu ui u UU UU). out2 
JUIUUIUUUUDUUUUUUDDOUUUUUUUUDDOD 





6.6 strstreams 


INnNnNHguuUDnuluuunnguunnnunuuuunnnuUnnuuuunnmunonn 
lNNHDUUDDDUUUUNHDUUDUDDDUUUUDNHDUDDUUDDDDUDUUUDNDNDUDUDUL 
HOUOUUUUUOO 

strsÔreaml] TU OUOUUUUUUUUUUUUUUUUUUUUUUYD strstreamY O O D 
lll istrstream[] ll U U U UUU L strstream[] U U UO U UUL ostrstream[| 

OOOOOOUOOUOOUUOOUOOOUOUUOOOUOOUOUOUUOUUOUOUUU 
UOÖHLUUUUUUUUUUUOUOUOUOUUUOUOUUUUL swsreamsi] I I I Il I I Y UI I'L 
HOUUUU 


661 HOOUUUUU 


UUHUUHUUUUUUUUUUUUUUUUUUUUUUUUU YE istrstreams(] O O U 
JUIUDDUDDUDUDUDDUDUUUWD 


istrstream::istrstream(char* buf); 
istrstream::istrstream(char* buf, int size); 


JUIUDUUUUDUUDUUDUDUUUUUDUDUUDUDUDUDUUUDUDUUUU 
JUIUDUUDUDUDUUUDUUDUUDUUUUUUUUDUUDUDUUUUDUDUDUDU 
buffsizel] O UI U3 Uu UI UU LU 

UUUUUUUOUUH isesreml] I LII Uu UU 8BU Uu Uu iu iu Uu uu Uu ui u 
JUIUUIUUUDDOUOUUUDUUUUUUDDUUUUUDUD "UD 


//: ISTRING.CPP -- Input strstreams 
include <strstrea.h> 


main() ( 
istrstream s("1.414 47 This is a test"); 
int i; 
float f; 
s >> i >> f; // Whitespace-delimited input 
char buf2[(100]; 
s >> buf2; 


cout << "i = W << i << 4 a f = " c€ f; 


I] IUUUDDUIDUUUDUUUDDOSIUIUUUIUUUUUUDUUuuDnuuDnuunuunnunuunnn 
HOUOUUOUUW 
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cout << " buf2 = " << buf2 << endl; 
cout << s.rdbuf(); // Get the rest... 
) | | | E 
OOOO COU atofOU aeiôl UH UU UUUUUUUUUUUUUUUUUUUUOUo 
IUIDUIDDDDUDUD 
IIUUUUUUIuUIuUDUnUnDUDnnDuonu 


istrstream s("1.414 47 This is a test")[] 


JUIUUUUUUUUUUUDUUUUDNOUOUDUUUUUUU 

Us>>i>>fllll IlUUUnuuUilnuuUUnuuftuUuuu' OUUU” 
UUIUUNUUUUUUUUUUUUUDUUUIUUUUDUUDUUUDU” 1.414 47 This is a test'[] 
UU MUIWOUUUUUUUUUUUUUUUUUS 110414] O0UÖUOUOUOOUOUUHUUU 
JUIUUUUDUUDUDUNUUUUUUUUuuu 

UUUOUUUUUE bROUUUUUUUUUUUUUUUUUUUUUUUUUUo 
JUIUDUODUUUOUUDUUUDUDUDUUDUDUUUUUUUUDUUUDuUuno 
JUUUUUDUUUDUUDDUDUUDUUUUUDUDUUDUUUDDUDDDUUDU 
UUUUUUUUUOY rdbuff) O 

0 O strstreams] I IU UU U3Uu UU I Uu UU Uu Uu UU Uu uU3 UU Uu UU I UU I. LU 
JUIUDUUUUDUU 


ostrstream::ostrstream(char*,int,int=ios::out)[] 


UOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
UOHGLUUOUUUUUUUUUUUUUUUUUUUUUOUUOUUUUUUL ios:atel 
ios:appbll WU UU WU UW UU UU UU UU UU UU UUUUUUUUUUUUUUoUoa 
UOUUUUUUUU 

UOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOo 
HOUUUUUUUUUUUUUUUUUUUUO 

O O ostrstreams|] JU UU I i ui UI Ii i I La uŴ: iu Hi Uu Uu i uil i ui ui ui i Il Ii I LU 
UULULUULUUUUUUUUUUULID ends 

OUOU osrsreanml] I I I UI UU Ui Uu i i i uu â Uu ui i ii i ul ui i i ui nu 
IUUUUUDDDDDUDUUDUU 

//: OSTRING.CPP -- Output strstreams 

#include <strstrea.h> 

#define SZ 100 


main() { 

cout << "type an int, a float and a string:"; 
int i; 

float f; 

cin >> i >> f; 

cin >> ws; // Throw away white space 

char buf [SZ]; 

cin.getline (buf, SZ); // Get rest of the line 
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// (cin.rdbuf() would be awkward) 
ostrstream os(buf, SZ, ios::app); 





os << endl; | | 

os << "integer = " << i << endl; 

os << "float = " << f << endl; 

OS << ends; 

cout << buf; 

cout << os.rdbuf(); // Same effect 

cout << os.rdbuf(); // NOT the same effect 


) 


JUIUDUDU int] loa I UU UU UU uu Uu Uu UU Uu UU i UU. rdbuf 
GUIUUDUUUUUUUDUUUUDUUUDUDUDUUUDUUUDUUUNUDUUD 
control-Z([] unixl] control-D] JOÖUUÖHOUHUOUÖUUOÜ getini I UU Ul UU UID 
UOÖLÖUUÖUUÖUUHUHUUUUOUUUUUUD bufi buf] O O O ostrstream os VO UUU 
0200000 ios::appW UUUUOUOUUU vfV IU Uu UU UU IIu uu UD Uu I PT UU” L 
HUUHUUUUUUUUUUUUUUUUUO 

JUIUUUUUUDUUUUUDDODUUUDDDUDDULD ostrstreamY O O UU O ends 
JUIUUIUUUDDenl] I i Uu iu UU Ui LU I Uu iL 

JuUIUUUbe UUUUUY cout<<buf}] I ll UL UI i Uu Uu Ui i UI.) osrdeufOD OU U 
OUOHUUOUUÖUUOUOUD sreambuf] O0“ O0” IUUIUU UU UU UU UU I Uu I UU UI UI. 
O O O O cout<<osrdbuofOI OUUOUUUUU —* ou" O0UUUUUUO 


6.62 WOOUUUU 


U O strstreams[] O O O istrsreamsl] DO UU UI UU UâU UU iu UU uu UU I UU. LU 
JUIUDUUUUDOUUUDDUDDUDUUDUDL ostrstream|] 


ostrstream A[] 


JUIUAUUUUUDUUDUUUDUUUDUDU AUUDU UU IIu Uu Uu I Uu UU UU 
JUIUUUUUuUnunuUuUnnnuunungnuuuuouu 

JUUUDUUDUUDUDUDUUUDUUDUUUUDUUDUNDUUDUDLU 
strstream[] O O O UU streambuf] Dl UU UU UU UI Uu TU uu Uu iu 


A << "hello, world. i = " << i << endl << ends; 
cout << A.rdbuf(); 


JUIUUUDDUDDUDUUUUUUU AUUUUDUUDUUUUUDUUDDUL 
JUIUUUOUUUUDUNU—-uUDDDUsl Uu I UI UI UU 


char* cp-A.str()[] 


JUIUUUUUUUUDn AUUUUUUUUUDUUUDUUUDUUUD ADUUULU 
JUIUIUUDUUUDUUUUDUUDUDDUUUDUDUUUUDUD AUUUDUUUDUU 
JUNUIDUDUU AUDUUDUDUUDUDUUUUUUDUUUDUDUUDUDDUUU 
IUUIUUUUUUDUUUUUUUDUUUDUUUDUUUDUUUDUUUDUU 
JUUuwunu 

ostrstream[]] TUQOUUOUUU" uUU'UUDUUUUDU sel I I I UU]. cha] OH 


China=püh.eom 3a oooooon YY 
ll F———_—__—_—____——— 


JIUUUUDUUUDUDUUDUDUUDDUDUDUUDUUUUUUUUuUuuuuunoD 
JUIUunuunuwu 

UOUUOUY sul] UU ostrstream] “OU” UL UUUUUUUDUUUUUDUUUUULl 
JUIUDDDDDUOUD oststreaml] DUOUUUUUUUUUUUUULY ostrstreamg[] O UO 
JUIDUIDUUDDDDU strou 0 cha I I u dU I UI i UJ 

JUIUUUUUDUUDUUDDUUUUUUUUDUUDUUDUDUDDDUUUUUUUu 
JUIUUUNUIUUUUDUUUUUUUUc—UuUDUUDUULU new] delete[] YUU 120 
UIUUDIUDUUUUDUUDUDDUUUUUDUDUUDUUUUDDUU CO mallocO[] freeOU L 
JnDne“wllll ll UU UU deleted I IIu 33 â U3Uu3u UU I Uu DU UI IU C+U0U 
UOUUOUUU new] UU OU ostrstreamY ] I UU Ilu Uu U UU U I UU new I I U UI UI O delete] 
UUUUUUUUUY ostrstream AY O strOl] O char" ll I i T3 YI L 


delete A.str()[] 


UOGHUOUOUUÖUUUOUUUUUUOUOUUOUOUUOUUUUOUUOUUUUDUD ostrstream[] O U 
OOD freezeOl] [] [] freezeOL] ostrstream[] streambuf[] [| [] O U freeze ] OU OU UOUUOEL 
HOUUUUUUUUOUUUOUUUUUO 

A.rdbuf()->freeze(0)[] 


JAIUUUUUDUNUUOUUUUUUUDUUDUUUOUUUUDUDUDUUUUUUU 
APUUUUIUUUUUDUDDUNUUUDUUUUUDDUDD stri lUi lil —-UUUU 
JIUUUUUUDDUDUDUDUD 

JUIUUUUUDUUNUUUUUUUUUDUDU 


//: WALRUS.CPP -- Freezing a strstream 





include <strstrea.h> 


main() ( 
ostrstream s; 
s << "'The time has come', the walrus said,"; 
gs << ends; | 
cout << s.str() << endl; // String is frozen 
// S is frozen; destructor won't delete 
// the streambuf storage on the heap 
s.seekp(-1, ios::cur); // Back up before NULL 
s.rdbuf ()->freeze(0); // Unfreeze it 
// Now destructor releases memory, and 
// you can add more characters (but you 
// better not use the previous str() value) 
s << " 'To speak of many things'" << ends; 


cout << s.rdbuf(); 


UUUOUUUU suUUUUUU endsHOUUUUUUYE serOD 00 cha] OUUUUU 
UNUIUUUsUUUUUUUUUUUUUUusWU”' UUIUUUIUUuUUUuUUUUUUUuUUuUuU 
UUU end] I i IU UU UU Uu Uu Uu UU iu u BUU i Uu UUUn Ul UL UI LO seekpi L 
JuUIUDUDUDODDL rdbufOl] O U freeze) 0 U U streambuff}] O UsUUOUUUUUUUUU 
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ir 


SJUQUUUUU srOUU UU i Il Ii I Ui I I I i i I I I Fi Ui i T3 I Ii il. LL 

OOO ostrsereaml] OO ll I YI UI Il I i Uu Ii i ll Il i i i Il i i i I i ui hi I I'L 
lll] ostrstream[] char O OU OUOUOUOUOU UU OO OU UU) ostrstream[] [] U U O rdbufQ 
UOULUUUUUUUUUUUUUUUUUUUUULD ostrstream[] [] 

1.0004 

DDRUD Dl seOll OL oserseaml] OO I I FI I UI Uu Ui i i Ii Il ui Ii Il I I'L 
10000040 seIOUOUODOUODOUOUOUUUUU 


//: STRMOVE.CPP -- Ostrstream memory movement 





tinclude <strstrea.h> 


main() { 
ostrstream sS; 
s << "hi"; 
char* old = s.str(); // Freezes s 
s.rdbuf () ->Ereeze (0); // Unfreeze 
for(int i = O; i < 100; i++) 
s << "howdy"; // Should force reallocation 
cout << "old = " << (void*)old << endl; 
cout << "new = " << (void*)s.str(); // Freezes 


delete s.str(); // Release storage 


) 


UUOUUUUU suud st] OOD ca*l JOUÖUOCOUOUOUOUOUOUUOUODUUOUUOUUU 
JUIUUUUDUUDUDUUUUUODUUDUUDUDDDDUDU chr*l I i UI U i Ui 
delete] I U Uu HU UI UL saeo UP U UI U.LU 

JUIUUUUUUUUUUUDDDDOUOUUDUUDU char*l] O O veid*[] char*[] O UU 
<” UUUUUUNUIUUDUUUUU void* 0O00“ <“ TD UI UUUUUUUUDUuuU 

JUIUUUDDDDDUDDOU srOoUUUUUUUU sU Uu UU o Uu UU UU UU .LU 
UUUUUY ostrstream] II UL Uu UU UI I Uu 

2zUUIUUUULU 

O O C+ string] OOUUUUUUUUU U stringstreanl] [I] IL Uu I UL IL I I UU UUL 
OUOUOÖOUOUOD char*[] stesteeml]l I UU UI id3Uu Ui ui u G3 un ——UDnnunuuno eu 
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JUIUDUUUUDDUDUUDUDUDUUUUUDUDUODUUDUUDUUDUDUDUUULU 
JUIUUUUUUDDUDUDUUDUU pinfODDDUUUDUUDUuDuUuuununuuouu 
JUIUUIUUUDUDUUDUUDUDUUDUUUUOUUUUUUDUUUUU 

JUIUUUUDUDUUUUDUUUUUUDUDUODUUDUDUUUUDUDUDUUDUWD 
JUIUUUUDUDUUDUUUUDUDUUDUDUDUDUDUUUUUUDUUUuUuuouunob 
JIUUUUDUDUUUUUUUDUDUUDDUDUDUDUUUUUUDUDUUuuuuunoD 
JUIUUUUUUUDUUDUUUUUUUUUUUDUDUUDUUUUDnUuUDuuuuwnu 


I] IHUDDDIDUUUUUUDUUUUUUUDUDU 


China=puh.eom 060 0000000 101 
Olo 


JUIUUUUUDUUUU 


6.7.1 VOOUUUOL 


ios] O O O UU IOSTREAM HI] OU UU i i i i iunuunuuuuunnnnun 
UOUÖLÖUÖUÖUÖUUÖUUUUUUUUUUUUUUUUUUOUOUOUOUUUUUOUOUOUU 
IUUunnnuuuuuuunnnunuuuuuuunnnnunuunuuununnnunuwn 
HUOUUUUUUUUUUUUUUUUUY ios::flaesOo UU uUnnuunnnununun 
HUUUUUUUUUUUUUUUUUUUUULE long(typedefed to fmtflags)[] O UU UU 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUO 

fmtflags ios::flags(fmtflags newflags) ; 

fmtflags ios::setf(fmtflags ored flag); 

fmtflags ios: :unsetf (fmtflags clear flag); 

fmtflags ios::setf(fmtflags bits, fmtflags field); 


JUIUDOUUUUDDUUUUDDUOUUUUDUNUUUDUUUUUDDUUUUunD 

stfOo UW UUW UW UU UUUUUUUUUUUUUUUUUUUUUUUUUod 
OUOÖHOUUÖUUUUOUUUOUOUULD ont erf I iU u DU uu Uu Uu UU u Uu Uu UU 
on/off I UI UU UU I UU iu UU UU: setf(fmtflags)[] O O O O onl] O unsetf(fmtflags)[] [] 
JnUDoff I UU I. L 





on/off[] [] i Ll] 

ios::skipws UUIUUDUUIUUUDUDDDDUU 

ios::showbase UUDUIUIUDUUUUDDUIUUDUDNDUUUUHOUDDUDDODD DU 
HOUOUOUOU c++0 0000 

ios::showpoint UOUUUUUODUUUUUU 

ios::uppercase HUOOUOOUOUUUUUUUU AFOUUUUUUUUUUU E 

ios::showpos o UOA- +0 ON 

ios::unitbuf “UUIDDD"”DDDDDDDDUDDDUUUDUDUD 

ios::stdio UOUUU COU YOO ACOD 


OOOO coutHOUUUUUUE cout.setf(ios::showpos)W 000000000 L 
cout.unsetf(ios::showpos)i OO UI Uu UU iu u Bu UU i iU aU Uu Uu uu Uu UU Uu ui u 
JUIUUUUUDUUDUUDDUDDUUUUNUODOUUUUUUUUUUUUUUUDnuDnu 

UOUHOUHUOUÖUUHUL CUU YOU UEUCHUUUUUU WY Uios:sdiol] 01000 
UUUOUUUUUUUUUO pinto) UU UU UU uu Uu IU ui i i Uu Ui ui 

1.000 

JUIUDUUUUUUDUUDDUUUUUUDUDUUDUUDUUDUDUUUUUUDULU 
JUIUUU—DUUUDUDUDUUUDUUUUuuUuUuuUunuguUunuguuuuouunoD 
JUIUUUUUUUuDnuUnuDuDnnnuUno sellil iil iu I UU i i u uo 
JUIUUUDDDUUDUDUNUUUUUUUUDUDUDUDLUDUOLUU ios:basefield[] O [] iosi dec 
JUIDDDLDDOLI setf[] 1os::hex([] 0 O O ios:hex O O I I UU U ios:decl] I LI UI I.D 
JUIUUUUDUUDDUDDUOUUUOUD setfOU UU UI I U setfGos::hex,ios::basefield)Y O O 
UDDUDD ios:basefieldl] O O0 UU dl i tos::hex O UU seo] UUW Uu UI I.D 
UUIUDIUUUDUUUUUDUUUUUDUuUu”“uuU'UUUUUDUUDUUU bexol DL 
JUIUUIUUUDUUUUUUUUUUUUUUUUUUUDUUUUUDUDUUUDDUUUuU 
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UUUOUUOUUUUU stOUUUUUUUUUUUUU 
UUUUUUUUUUUUO 





iso: :basefield Ll O 

ios::dec UUDUINHIUDUUDUDDULIUUUDUDUDU 

ios::hex UUDUIUUDUUUUDDUDUD 

ios::oct NOUÖUUUUUUUUOUUU 

ios::floatfield Ll Ll 

ios::fixed UUIUDUUUUUDIUDDUUUUDIUDDUIUUUDUDDULUL 
“ automatic” (Neither bit is set) OOÖDUOUOUODOOODODOIU 

ios::adjustfield Ll Ll 

ios::left UUIUUDUUUUUDL 

ios::right OKOUOÖUOUOUUUUOUU 

ios::internal UUUUUIUIUUUUIUUDUUUUUHUUUDDDUDUU 


20HUUUUUUUUOU 
JUIUDUUUUDUUUDUDUDUUUUUDUUDUODDODUUODUDDUDUUUU 
HUUOUUOUUUUUUUUUUUUUUUUUUOUUO 


function i U 

int ios::width() dO O A E OEE E e 

int ios::width(int n) OOUOUOUUOUOUUUUUUOL 

int ios::fill() OOOOÖDÖUOUOUUUOOUUODODU 

int ios::fill(int n) UDIDUUDUUUUUUUUUUU 

int ios::precision() 00000000000D0 oO 

int ios::precision(int n) HOHUUUOUUUODOUODUUUU* UU" ODS ios: 


floatfield| ] 


JUIUUIUUDUUDUUUUUDOUUUUUUUDUUUDUoOnUDUUUUDUDUUuUD 
JUIUUUUUUUUUDIUUDUUDUDUUUDUUUDUUUDUUUDUUUDUUD 
JUUIUUIUUDDUUUUUUUUUUDDUUDUDUUUDUUUUDUUUDDUUD 123 
JUIUU2IUUUUuDrzauuUUnuuunuuuuunnuUnnuuunuunwu 

JUIUDUUUUDUUDUUUDUUUUUDUDUUDUUDDUUDUDUDUUUL 
IUIUDUUUUDU oU UUUDnUuUuuUuUuuuUunuUunlDunuuuunuuuUuwuunounu 
JUIUUIUUUUUUUUDDUUUUUUUDDUUUDDUL widthoL 


6.7.2 00 


JUIUUIUUUDUUUUUDOUUUUUUUUUUUDUUUUDUUUUDUDOU 


//: FORMAT.CPP -- Formatting functions 
tinclude <fstream.h> | 
#define D(a) T << ka << endl; a 


ofstream T("format.out"); 


main () { 


China=puh.eom 
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D(int 1 = 47;) l 
D(float f = 2300114.414159;) 


char* s = "Is there any more?"; 


D(T.setf(ios::unitbuf);) 
D(T.setf(ios::stdio);) 


D(T.setf(ios::showbase);) 
D(T.setf(ios::uppercase);) 

D(T.setf (ios::showpos);) 

D(T << i << endl;) // Default to dec 
D(T.setf(ios::hex, ios::basefield);) 

D(T << i << endl;) | 

D(T.unsetf (ios: :uppercase) ;) 
D(T.setf(ios::oct, ios::basefield);) 
D(T << i << endl;) | 
D(T.unsetf (ios: :showbase) ;) 
D(T.setf(ios::dec, ios::basefield);) 
D(T.setf(ios::left, ios::adjustfield) ;) 
D(T.fi11('0');) 

D(T << "fill char: " << T.fill() << endl;) 
D(T.width(10) ;) 

T << i << endl; 

D(T.setf(ios::right, los: :adjustfield) ;) 
D(T.width(10) ;) 

T << 1 << endl; 

D(T.setf(ios::internal, ios: :adjustfield) ;) 
D(T.width (10) ;) | 

T << i << endi; 

D(T << i << endl;) // Without width(10) 


D(T.unsetf (ios: :showpos) ; ) 
D(T.setf (ios: :showpoint) ;) 

D(T << "prec = " << T.precision() << endl;) 
D(T.setf(ios::scientific, ios::floatfield) ;) 
D(T << endl << £ << endl;) 
D(T.setf(ios::fixed, ios::floatfield);) 

D(T << f << endl;) | 

D(T.set£(0, ios::floatfield);) // Automatic 
D(T << £ << endl;) 

D(T.precision(20);) — 

D(T << "prec = " << T.precision() << endl;) 
D(T << endl << f << endl;) 
D(T.setf(ios::scientific, ios::floatfield) ;) 
D(T << endl «<< £ << endl;) | 
D(T.setf(ios::fixed, ios::floatfield) ;) 
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D(T << £ << endl;) 
D(T.setf (0, ios::floatfield);) // Automatic 
D(T << f << endl;) 


D(T.width (10) ;) 
T << s << endl; 
D(T.width(40);) 
T << 8 << endl; 
D(T.setf(ios::left, ios::adjustfield) ;) 
D(T.width (40) ;) 
T << s << endl; 


D(T.unsetf (ios: :showpoint) ;) 
D(T.unsetf (ios: :unitbuf) ;) 
D(T.unsetf (ios: :stdio) ;) 


) 


JUIUUIUOUUUUDDUUOUUUUDUDUUUUDUUDNUUUUDUUUU DL all UU 
HOU” stingizing” [a] JOHÖUOOUOÖUÖUOUOOUOUUOO DL ad UU UI Ul ad ad I UU UI. LU 
JUIUUUOUUUDUNUUUTDIUUUUUDDUUUUUDUUUUDDOD 


int i = 47; l 
float f = 2300114.414159; 
.setf(ios::unitbuf); 
.setf(ios::stdio); 
.setf(ios::showbase); 
.setf(ios::uppercase); 


.setf(ios::showpos); 


HN 4 3 4 4 a 


<< 1 << endl; 

+47 

T.setf(ios::hex, ios::basefield); 

T << i << endl; | 
+0X2FP 

T.unsetf (ios: :uppercase) ; 
T.setf(ios::oct, ios::basefield) ; 

T << i << endl; | 

+057 

T.unsetf (ios: :showbase) ; 
T.setf(ios::dec, ios::basefield); 
T.setf(ios::left, ios::adjustfield) ; 
T.fill('O!); 

T << "fill char: " << T.fill() << endl; 
fill char: O 

T.width(10); 

+4 70000000 

T.setf(ios::right, ios::adjustfield) ; 
T.width (10) ; 


Chîna*pup«eot og oooooon LOS 
OOP 


0000000 +47 

T.setf(ios::internal, ios::adjustfield) ; 
T.width (10) ; 

+000000047 

T << 1 << endl; 

+4 7 

T.unsetf(ios::showpos); 





T.setf(ios::showpoint); 

T << "prec = " << T.precision() << endl; 
prec = 6 

T.setf(ios::scientific, ios::floatfield); 


T << endl << f << endl; — 


2.300115e+06 

T.setf(ios::fixed, ios::floatfield) ; 
T << £ << endl; 

2300114.500000 

T.setf (0, ios::floatfield); 

T << f << endl; 

2.300115e+06 

T.precision (20) ; 

T << "prec = T de T.precision() << endl; 
prec = 20 

T << endl << f << endl; 


2300114.50000000020000000000 
T.setf(ios::scientific, ios::floatfield) ; 


T << endl << £ << endl; 


2.30011450000000020000e+06 
T.setf(ios::fixed, ios::floatfield); 

T << f << endl; 
2300114.50000000020000000000 

T.setf (0, ios::floatfield); 

T << £ << endl; 
2300114.50000000020000000000 
T.width(10); 

Is there any more? 

T.width (40) ; 

00000000000000000000001]8 there any more? 
T.setf(ios::left, ios::adjustfield); 
T.width(40); 

Is there any more?0000000000000000000000 
T.unsetf(ios::showpoint); 
T.unsetf(ios::unitbuf); 


T.unsetf(ios::stdio); 
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UHUUHUUUUUUUUUUUUUUUUUUUUUUUO 
68 TOUUUUL 


HUUU UOS UEH OUUU HU UGO BE- -O GHU T OH O Gee O UU C++ 
UOUÖLÖUÖUÖUUUUUUUUOUOUOUOUUUULUL 

O O O IOSTREAM HI OUOUOHUUUUUUUUUUUUUUUUL deci ocd] hex] [] 
DIDDDHDHUDDUUDUDUU setfGos::dec,ios::basefield)[] setf(ios::oct,ios::basefield)[] 
setf(ios::hex,ios::basefield)[] [] O O O 0 IOSTREAM.H !! [] [] O wsl] endl[] ends[] flush[] [] [] 


JUIUUUUDDUUDD 


pp 
showbase HOOUOUOUUOUOUUOUUUUOUUODUUUOUUOO 
noshowbase HOUOUUUUUUUU C+HU0000 
showpos 10000044 HI 
noshowpos 
uppercase HOUUOUUUUUUUUOUU AFUUUUUUUUUE 
nouppercase 
showpoint UUIUDUUIUUUUUDDDUU 
noshowpoint 
skipws UE-EE U EAE 
noshipws 
left UOUUUUUU 
right HOUUUUO 
internal HOOOUOKDUODUUOUUODUOO 
scientific HOUCGUUO 
fixed setprecision()[] ios::precisionO]] 100000000 
UOUUUUUO 


JUIUUUUUDUUUUDUDUNUUDDUUUUIOMANIPH]IDUDUUDUUDUD 
JUIUUUUUUUUUUUUUUDUDUUDDUUDUUDUDUDUUD 


O BBW. sd 
setiosflags(fmtflags n) UlnlulnlUUnunnnuuuunnuunnnnnunmwun 
O OU ios::setfOU O 
resetiosflags(fmtflags n) HOU nyUOUUUUUOUUUUUUUUUUUUUUO 
O UUU ios::unsetfOU) U 
setbase(base n) UOUOUU aA UO all 100 80 160 I Ui Il i I I. OL 


00 sd OUHUUUY 100] UUUUU CUUY 100 100 010 
0 80] OxfY 150 OUOUUUY decl] oct[] hex[] O O DO 


setfill(char n) OHOUOUUUOS nf tosi] A0 OU O 
setprecision(int n) OOOO ni Ll iosi precision] U 0 0] 
setw(int n) OOO 0 aff U ios] width] O OO 


JUIUUIUNUIUUUDUDUUUUUDUUDOUUUUDUDUDUUUUUDUUDUUUU 


I] DUUIDDUIDDUIDDUUUODUUDUDDUDUDUDU 
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IUUIDIUDDUDUDUUODDUDDUDDDUDUDLIU 
//: MANIPS.CPP -- FORMAT.CPP using manipulators 
tinclude <fstream.h> 


finclude <iomanip.h> 


main() { 
ofstream T("trace.out") ; 
int i = 47; 
float f 2300114.414159; 
char* s = "Is there any more?"; 


T << setiosflags ( 
ios::unitbuf | ios::stdio 
| ios::showbase | ios::uppercase 
| ios::showpos 
); 
T << i << endl; // Default to dec 


hex << i << endl; 


HJ 
A 
A 


T << resetiosflags (ios: :uppercase) 

<< oct << i << endl; 
T.setf(ios::left, ios::adjustfield) ; 
T << resetiosflags (ios: : showbase) 
<< dec << setfill('0'); 
<< "fill char: " << T.fill() << endl; 
<< setw(10) << i << endl; 
.8Setf(ios::right, ios::adjustfield); 
<< setw(l0) << i «<< endl; | 
.setf(ios::internal, ios::adjustfield); 
<< setw(l0) << i << endl; 
<< i << endl; // Without setw (10) 


H H HJ Ae A H 


resetiosflags (ios: :showpos) 


3 
A 
A 


<< setiosflags (ios: :showpoint) 


<< "prec = " << T.precision() << endl; 
T.setf(ios::scientific, ios::floatfield); 
T << f << endl; 
T.setf(ios::fixed, ios::floatfield); 
T << £ << endl; 
T.setf (0, ios::floatfield); // Automatic 
T << £ << endl; 
T << setprecision (20) ; 
T << "prec = " << T.precision() << endl; 
T << £ << endl; 
T.setf(ios::scientific, ios::floatfield); 
T << f << endl; 
T.setf(ios::fixed, ios::floatfield); 
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T << £ << endl; 
T.setf (0, ios::floatfield); // Automatic 
T << £ << endl; 


<< setw(10) << s << endl; 
<< setw(40) << s << endl; 
.setf(ios::left, ios::adjustfield) ; 


H H H mH 


<< setw(40) << s << endl; 


T << resetiosflags( 
ios::showpoint | ios::unitbuf 
| ios::stdio 
); 


JUIUUIUUDUNUUUUUUDDODDDODUUDUD setiosfiagsO[] resetiosflagsOU O O L 
UNnIUUUUUDU'”UOR  DUUUUUIUDUUUUDUUDUUUDU setfOl] unsetfOL] 
nU 
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JUUDUUDUUUUUDUUDUDUUDUUUUUDUUUUDUUUDUUDUU 
JUIUDUNIUDHUUUUUU eel] i Ul UU UU UU UF Uu LUD uu HU Ui ui ii LU 
ostream] I] UI Uu UU UU Uu u &LUUI UI Ui Uu i UU Uu UU i Ui 1000000 eadi) O 
ANNAN 


ostream& endl(ostream&)[] 


JUIUUUUUU 


cout<<"howdy" <<endl[] 


endIJJUUUUVUUVUUUUUUUUU UUUUUUUUUUUUUUUUUUUUUO 
IU” VUUUUUUUUUUUYT TOSTREAMAQOUUUUUUUUUUUU" UUDD'U 
UHOUUUUUUUUUUUUYSD ostream I i I Ul Uu uu UU UU I Ui UU 
IUUulnDnuuuuuuuunuuuunuuunnnuuuuuuunnnuumuu 
UUlnunuunuuuunuuuunnnunneulDulUuUnuuuununuwun 
//: NL.CPP -- Creating a manipulator 


include <iostream.h> 


ostream& nl(ostream& os) { 


return os << '\n'; 


main() { | 
cout << "newlines" << nl << "between" << nl 


<< "each" << nl << "word" << nl; 





China=puh.eom og ooooooo LOY 
Om 


HOO 
os<<'\n'[] 
HOOUOGUOUoPUOUUUUU MOU "U 
HOUUUUUOUOUUU Woo eni I I I iil Ilu Uu Ii Ui i iu Uu i I I i I i I'L 
OOD 


UOUUU 


UOUUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoo 
UULUUUUUUUUUUUUUUUUUUUUOUUUOUULUD Jerry Schwarz] O O LLU 
0000000000000 °000000000000000000000000000 
100000000U0U00U00U0U0U0000° << GDUUUUUUUUUUUUUUO0$ 
UlunuuuuunguuuuuuuuUuuUuUuuUuuunnunnununnnnnnnDnDUUUDUUL 
1000006° <<" O00000 YOUU WW 

//: EFFECTOR.CPP -- Jerry Schwarz's "effectors" 

#include<iostream.h> 

#include <stdlib.h> 

#include <string.h> 

#include <assert.h> 

#include <limits.h> // ULONG MAX 


// Put out a portion of a string: 
class fixw { 
char* s; 
public: 
fixw (const char* S, int width); 
-Eixw 0); 
friend ostream& operator<<(ostream&, fixw&); 


bi 


fixw::fixw(const char* S, int width) { 
s = (char*)malloc(width + 1); 
assert (s); | 
strncpy (5, S, width); 
s[width] = 0; // Null-terminate 


) 
fixw::~fixw() { free(s); } 


ostream& operator<<(ostream& os, fixw& fw) { 


return os << fw.s; 


) 


(1 Imi ll UIlUIUUDUDUunUDDnuuuUDnguuUDUnu su Lu 
2] HUUUUOU 
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// Print a number in binary: 
typedef unsigned long ulong; 


class bin { 
ulong n; 
public: 
bin(ulong N); | 
friend ostream& operator<<(ostream&, bint); 


); 
bin::bin(ulong N) {n =N; } 


ostream& operator<<(ostream& os, bin& b) ( 


ulong bit = ~(ULONG MAX >> 1); // Top bit set 
while (bit) { | 

os << (b.n 8 bit ? '1' : '0'); 

bit >>= 1; 


return 08; 
| 
main() ( 
char* string = 
"Things that make us happy, make us wise"; 
for (int i = 1; i <= strlen(string); i++) 
cout << fixw(string, 1) << endl; 
ulong x = 0xFEDCBA98UL; 
ulong y = 0x76543210UL; 
cout << "x in binary: " << bin(x) << endl; 
cout << "y in binary: " << bin(y) << endl; 


} 


fixwl] IU I I UU chañ) I i Uu Uu Uu BU UU UU Uu Uu Uu Uu IU Uu I Uu UL 
UNnUU'<«<'UUUUDUUDUUDU xw lUUUUUDUUUUUU ostream] O O L 
U ostream JOU UU UI UiuUUuui Pu UU I Uu BU I U I UL. fixwl] U 


cout <<fixw(string,i)<<endl[| 


UUIUUUUUUUUfxwWI ll lUUIUUUUUUUUUUUUDUUUUu'” <'UDUL 
JUIUUUUUDDUUL 

bin] lU Ul Ul UL Uu Uu Uu UU UU UU Uu i uuuiunuunnbU ULONG M 
AXH UOUUUUY unsigned longhi O UL UU â. U I IU LIMITS HI] I i UU UU I Uu I Uu 
JUIUUUUDUUDDUUUUNUOUUIDUDDUDUDLD 

JUIUUOUUUDDDUDUUDU char*Q IU UL fixwll 00 UU unsignlongl] O UU 
Ub lll lUi Ul UL UL u UU UU UU UU UU fixwl bin II UU U Uu UU UU. LU 
UOUU%WUUUUUUUUO 
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6.10 TOUOUUUUU 


JUIUUUDUDUUDUUDDUUUUUUUUDUUDUDUDUDUUUDUuUunu 
0 O unix] O sedl]awk] lU UU UuUUuUUuDunuuuUunluSnuuDuuuDutunuwuu 
UOLÖOUHUDD sed]awkJJHOHOUHOUHOUHOUHUHUOUÖUUHOUÖUUNUUOUNU 
JUIUUDUUUUUUDUDUUDUUUDDUUDDUDUUUUDUUDUDUUUDUUDUU 
JUIUNUIUIUUIUDUUUUUDUUUUDOUUUDUUDUUUUUDUUUUUDUUL 





6.10.1 1000 


JUIUDUUUUDUUDUUUDUUUUUDUDUUDUUUDDUUDUDUDUUULU 
JUIUUUDUUDUUDDUNOUOUOUUUUUUUU man lU UU U3 UU UU â UU UI UL 
UOUUUUUUU 


//: MAKEMAIN.CPP -- Create a shell main() File 
#include <fstream.h> 

#include <strstrea.h> 

#include <assert.h> 

#include <string.h> 

#include <ctype.h> 


main(int argc, char* argvil) { 
assert (argc == 2); | 
// Don't replace it if it exists: 
ofstream mainfile(argv[1], ios::noreplace) ; 
assert (mainfile) ; 
istrstream name (argv[1]) ; 
ostrstream CAPname; 
char c; 
while (name.get (c) ) 
CAPname << char(toupper(c)); 
CAPname << ends; 
mainfile << "//:" << ' ' << CAPname.rdbuf() 
<<" -- " ce endl 
<< "ffinclude <iostream.h>" << endl 
<< endl | 
<< "main() (" << endl << endl 


<< "}" << endl; 


} 


HUUOUUUUUY ios::noreplace] Il Uu TU Ii Uu HUU iu Bu Pb UU UI. LU 
JUUIUUDDUDUDDUU istrstreamYQUOUOUUUUUUUUUUUUUUUU CHI 
toupperOU VUUW UUW UUUUUUUUUUUUUUUUE MU OUUUUUUUUUUO 
Ucha VUUUHUUUUUUUUUUUUUUUY 
LOOOL 
OOOOOOOOOOOCOOOOOOUOOOUOOOOOOUOOUOOUOUUUUL 
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UOUÖUÖUÖHUHUOUUUD NAME.AY OU UU NAME.CpPL] 00 —UUUUUUUUO 
JIUUUUUDUUDUDUUUUDUUDUDUDUDUDUUUUUUDUUUUuUuno 
JUIDDUUUDUUUDUUUDUUUUUUUDUNUUUDUUDUUUDUDUDUDL 
JUUUDUUUDUUU—UUUUUDUDUUUUUDDUUUUDUUDUUDUUDUU 
HUUUUUUUUUUW 

JUUDUUUDUUUU—UuUUUUUUUUuUunuunuuuuuununuuouu 
JIUUUUDUDUUDUDUUUDUUDUDUDUDUDUUUUUUUDUUUUuUuno 
TREST 


//: CPPCHECK.CPP -- Configures .H & .CPP files 





// To conform to style standard. 

// Tests existing files for conformance 
tinclude <fstream.h> 

#include <strstrea.h> 

#include <string.h> 

#include <ctype.h> 

#include <assert.h> 

#define SZ 40 // Buffer sizes 

#define BSZ 100 


main(int argc, char* argv[]) { 

assert (argc == 2); // File set name 

enum bufs { base, header, implement, 
Hlinel, guardl, guard2, guard3, 
CPPlinel, include, bufnum }; 

char b[bufnum] [SZ]; 

ostrstream osarray[] = { 
ostrstream(b[base], SZ), 
ostrstream (b [header], SZ), 
ostrstream (b [implement], SZ), 
ostrstream(b[Hlinel], SZ), 
ostrstream(b[guard1], SZ), 
ostrstream(b[guard2], SZ), 
ostrstream(b[guard3], SZ), 
ostrstream(b[CPPlinel], SZ), 
ostrstream(b[include], SZ), 

|i 

osarray[base] << argv[1] << ends; 

// Find any '.' in the string using the 

// Standard C library function strchr(): 

char* period - strchr(b[base], '.'); 

if(period) *period = 0; // Strip extension 

// Force to upper case: | 

for (int i = 0; b[base] [i]; i++) 
b[base] [i] = toupper(b [base] [1]); 

// Create file names and internal lines: 
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osarray [header] << b[lbase] << ".H" << ends; 
osarray[implement] << b[base] << ".CPP" << ends; 
osarray[Hlinel] << "//:" << ' ' << b[header] 
<<" -- " << ends; 
osarray [guard1] << "ffifndef " << b[base] 
<< " H " << ends; 
osarraylguard2] << "#define " << b[base] 
<< " H " << ends; 
osarray[guard3] << "fendif // " << b[base] 
<< " H " << ends; 
osarray[CPPlinel] << "//:" << ' ' 
<< b [implement] 
<<" -- " cc ends; 
osarray[include] << "finclude \"" 
<< b[header] << "\"" <<ends; 
// First, try to open existing files: 
ifstream existh(b[header]), 
existcpp(b[implement]); 
if (lexisth) ( // Doesn't exist; create it 
ofstream newheader(b[header]); 
newheader << b[Hlinel] << endl 
<< b[guard1] << endl 
<< blguard2] << endl << endl 
<< b[guard3] << endl; 
a 
if(!existcpp) { // Create cpp file 
ofstream newcpp (implement) ; 
newcpp << b[CPPline1] << endl 
<< blinclude] << endl; 
} | 
if(existh) { // Already exists; verify it 
strstream hfile; // Write & read 
ostrstream newheader; // Write 
hfile << existh.rdbuf() << ends; 
// Check that first line conforms: 
char buf[BSZ]; 
if(hfile.getline(buf, BSZ)) { 
if(!strstr(buf, "//:") || 
Istrstr(buf, b[header])) 
newheader << b[Hlinel] << endl; 
) 
// Ensure guard lines are in header: 
if(!strstr(hfile.str(), b[guard1]) || 
Istrstr(hfile.str(), b[guard2]) || 
Istrstr(hfile.str(), b[guard3])) ( 
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newheader << b[guard1i] << endl 
<< b[guard2] << endl 
<< buf 
<< hfile.rdbuf() << endl 
<< b[guard3] << endl << ends; 
) else 
newheader << buf 
<< hfile.rdbuf() << ends; 
// If there were changes, overwrite file: 
if(strcmp(hfile.str(),newheader.str())!-0)( 
existh.close(); 
ofstream newH(b[header]); 
newH << "//e//" << endl // change marker 
<< newheader.rdbuf(); 
} 
delete hfile.str(); 
delete newheader.str(); 
) 
if(existcpp) { // Already exists; verify it 
strstream cppfile; | 
ostrstream newcpp; 
cppfile << existcpp.rdbuf() << ends; 
char buf [BSZ]; | 
// Check that first line conforms: 
if(cppfile.getline(buf, BSZ)) 
if(!strstr(buf, "//:") || 
Istrstr(buf, b[implement])) 
newcpp << b[CPPlinel] << endl; 
// Ensure header is included: 
if(istrstr(cppfile.str(), b[include])) 
newcpp << b[include] << endl; 
// Put in the rest of the file: 
newcpp << buf << endl; // First line read 
newcpp << cppfile.rdbuf() << ends; 
// If there were changes, overwrite file: 
if(strcmp(cppfile.str(),newcpp.str())!-0)Í 
existcpp.close(); | 
ofstream newCPP (blimplement]) ; 
newCPP << "//@//" << endl // change marker 
<< newcpp.rdbuf () ; 
) 
delete cppfile.str(); 
delete newcpp.str(); 
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JUIUDUUUUUUDUUUUUUDUUDDUUDUDDDUU ostrstream[] O DO 
000 enum bufsl] O00000 UUUUDIUDUUDUUUUUDUUUUDUUUDUDUDUDU 
UUUUUUUUUY ostrstream] OOUUUUU char U0 bPHUHUHOUOÖUOL char O 
UUUOY bufnum[] O O O bufnuml] but] I I Uu UU Uu Uâ3Uu Uu U3 Uu UI UI UI LU 
JUIUUUDUDUUUUUUDDDDDOUUU enum[] O O bufnunl] I UUUUUUO bef 
JUIUUUONUUUUUUoIUUUDUDUUD SZ 

JUIUDUDUUDU basel UU UU Uu UU UU Uu Uu UU iU. leader] O I I. LU) 
UU implement] O O0 Ll UI i. CPPUU Hlinell] I UU Ui Ul Ui i iU.) guardi [| guard2][] 
guard] O00000“ UU" VUUUUUUUUO CPPiinell] O0 CPP I UI Ui UI UU UI.UU 
include] WUUUUUU CPPHUUUU 

osarray]] I UU TU i Uu 3 UU Uu UU Uu U UU. ostrseeam I] Ul FU I I i Ui. LU 
JUIUDUDUDUDUUUDUDUU osrsteaml] I I iU iu Uu Uu iu Uu ui i Ui uiuuno 
JUIUUUUUUUUDU bees i UU hU UI eU II Uu Uu Uu U I Ui i i UI. osarrayh O I UI. LU) 
JUIUDUUDUDUDUUUUUOUUUDUDDUUUUDUUUUU bSYUOUUUUUUUO 
JuUIDDDUUDUL ostrstream] l] I 1 Uu I Uu Uu i'u 

UUHUOUUOUUOUUEUUUUUUUE CPPHUUUUUUUY ifstreamsi O 0000D 
Uu' UUDUUUUUUUUUUUUDUUUUUUUUUUUUUDUUUUUUUUDUULU 
HUHUUUUUUUUUUUY 

JUIUUIUOUUUUUDUUUUDUUUDDUUUUDUDUOUUUDOUUUDDUUUDDUD 
UU strsteamlll]WBI UD iU UU Uu Ul Uu Uu Uu Uu Uu UU i uu Uu iuuuuno 
Un /U”' UUUUUUUDUUDUUUUUUUUUD cUL stsrOUUUUUUUU 
JUIUUUUUUUUDUUUDUUUDUUUD ostrstreamf I UU UU I Uu Uu I UU 
UU 

UIUUUUUUUUDUUDDUUUD stsrOU UU OUUUOUUUUU" U0" U0d 
JUIUUUDUDUDUDUDUUDUDUUDDUDUDUDUUUUUUUUuUuuguuuunoD 
JUIUUUDUDDDULD 

JUUDUOUUUODDUDUDDDU strstreamY ] I UU I UU d I LI. ostrstream[] OO 
JUIUUDUDDUDDUNOUUOUUUUUUUUUDDDDUDUD ofsweaml] VOOUUUUUU 
JUIUUIUUUDUUUUUUDDUDOUUUUUDUDD UL ostrstream | I I Ul UI UU LU 
JUIUUIUOUUUDOUUUUDUDUUUUUDDUUUUDDUUUU 

2zUUUUUunw 

JUIUUUDUDUUDDUDUDUUUDUUUUDUDUDUUDUDUDUUDUDUUUU 
UNnIUIUUU”/U” UUUUUUDUUUUUUUUUUUDUUUUUUDUUUUUU 
JUIUUIUUUDUUUUUDDUUUUUUDUDUUUDUUUUUUUUUUDUuuwuu 
JUIUUUUUUUDUUDDUUUUDUDUDUUUUUOUUUDUUUUUuuu 


//: SHOWERR.CPP -- Un-comment error generators 





#include <fstream.h> 
tinclude <strstrea.h> 
#include <stdio.h> 
tinclude <string.h> 
tinclude <ctype.h> 
#include <assert.h> 
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char* marker = "//!"; 


char* usage = 

"usage: showerr filename chapnum\n" 

"where filename is a C++ source file\n" 

"and chapnum is the chapter name it's in.\n" 
"Finds lines commented with //! and removes\n" 
"comment, appending //(#) where # is unique\n" 
"across all files, so you can determine\n" 

"if your compiler finds the error.\n" 

"showerr /r\n" 

"resets the unique counter."; 


// File containing error number counter: 
char* errnum = ". ANerrnum.txt'; 

// File containing error lines: 

char* errfile = "..\\errlines.txt"; 
ofstream errlines(errfile,ios::app); 


main(int argc, char* argv[l) ( 
if(argc < 2) ( 
cerr << usage << endl; 
return 1; 
) 
if(argv[1][0] == '/' || argv[1][0] == '-') ( 
// Allow for other switches: 
switch(argv[1][1]) | 
case 'r': case 'R!: 
cout << "reset counter" << endl; 
remove(errnum); // Delete files 
remove(errfile); | 
return 0; 
default: 
cerr << usage << endl; 


return 1; 


) 


char* chapter = argv([2]; 
strstream edited; // Edited file 
int counter = 0; 
( 
ifstream infile(argv[1]); 
assert(infile); 
ifstream count (errnum) ; 
if(count) count >> counter; 


int linecount = 0; 
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#define sz 255 
char buf [sz]; | 
while (infile.getline (buf, sz)) { 
linecount ++; 
// Eat white space: 
int i = Og 
while (isspace (buf [1])) 


i++; 
// Find marker at start of line: 
if (strstr(&buf [i], marker) == &buf[i]) { 


// Erase marker: 
memset (&buf [i], ' ', strlen(marker)); 
// Append counter & error info: 
ostrstream out (buf, sz, ios::ate); 
out << "//(" << ++counter << ") " 
<< "Chapter " << chapter 
<< " File: " << argv[i] 
<< " Line " << linecount << endl 
<< ends; 
edited << buf; 
errlines << buf; // Append error file 
else | 
edited << buf << "A'n"; // Just copy 


—— 


} 


} // Closes files 

ofstream outfile(argv[1]); // Overwrites 
outfile << edited.rdbuf(); | 

ofstream count(errnum); // Overwrites 
count << counter; // Save new counter 


) 

UU make] I Ll Uu Uu UU I UU UL 

JUIUUUUDnuDnununnuunuUnUDnnnu maer] LI UU Uu TU Ui LU 
UUUUULH strstream edited] JI UU UU LIU iu UU UU Uu HUU uu DU I U UE 
JUIUUUUDDUDUDUDU eated I UU UU iU iu Uu uUuDUuDnuuuunuuuu 
UOUUHUUUUUUUUUUUUUUUUUUO 


6.10.2 JTOOUUUUUO 


JUIUUDUUUUDUUDDUUDUDUUUUUDUDUUDUUDDUUUDUDUDUUUL 
JUIUUDUDUDU—UDUUDUUDUUUUODOUDUUUHUDUDUULU 


//: DATALOG.H -- Datalogger record layout 
#ifndef DATALOG H_ 

#define DATALOG H_ 

#include <time.h> 


tinclude <iostream.h> 
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tdefine BSZ 10 





class datapoint { 
tm Tm; // Time & day 
// Ascii degrees (*) minutes (') seconds ("): 
char Latitude [BSZ], Longitude [BSZ]; 
double Depth, Temperature; 

public: 
tm Time(); // read the time 
void Time(tm T); // set the time 
const char* latitude(); // read 
void latitude(const char* l); // set 
const char* longitude(); // read 
void longitude(const char* l); // set 
double depth(); // read 
void depth(double d); // set 
double temperature(); // read 
void temperature(double t); // set 
void print(ostream& os); — 

); 


fendif // DATALOG_H_ 
UULUÖLUUUUUUUOUUOUUUOUUODUUD printfOU Il UI Ui UI iu uu DU UI UI. LU 
datapoint[] [] [J ostream[] O O O prinfOl] UU LU Ui Uu iU i uu 1i UI. 


//: DATALOG.CPP -- Datapoint member functions 
#include "..\5\datalog.h" 

#include <iomanip.h> 

#include <string.h> 


tm datapoint::Time() { return Tm; } 
void datapoint::Time(tm T) { Tm = T; } 
const char* datapoint::latitude() ( 


return Latitude; 


void datapoint::latitude(const char* 1) { 
Latitude[BSZ - 1] = O; 
strncpy (Latitude, 1, BSZ - 1); 


const char* datapoint::longitude() { 
return Longitude; 
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void datapoint::longitude (const char* 1) { 
Longitude[BSZ - 1] = 0; _ 
strncpy (Longitude, 1, BSZ - 1); 

} 


double datapoint::depth() { return Depth; } 
void datapoint::depth(double d) { Depth = d; } 


double datapoint::temperature() { 
return Temperature; 


} 


void datapoint::temperature(double t) ( 
Temperature = t; 


) 


void datapoint: :print (ostream& os) ( 
os.setf(ios::fixed, ios::floatfield) ; 
os.precision (4) ; 
os.fill('0'); // Pad on left with '0'! 
os << setw(2) << Time().tm mon << '\\' 


< setw(2) << Time().tm mday << '\\' 


A 


<< setw(2) << Time().tm year << ' ! 
<< setw(2) << Time().tm hour << ':! 
<< setw(2) << Time().tm min gg a! 
<< setw(2) << Time().tm sec; 
os.fill(' '); // Pad on left with ' ' 


os << " Lat:" << setw(9) << latitude() 


<< ", Long:" << setw(9) << longitude () 
<< ", depth:" << setw(9) << depth() 

<< ", temp:" << setw(9) << temperature() 
<< endl; 


} 


U printfO UU UUU seo] UL UU UU UI Uu pu a8&U dd. Ul U UI I UI. |. precision ÔL] 
1401000 

JUIUUIUUUDDOUOUUUDUUUUDUOUUDUUUUUUUUUUDUUUUUUuUD 
UUU setwOUU I U I 2M Uu UL I Uu lU IU Uu Uu Uu U UU Ui UI UU setwwOUUUUU0 
UUIUDTIUUUDUUUDUUUUIODUIUUUUUDuU” o'UUUUUUUUDuUDuuuu 
JUIUUUUUU 

UNnIUUUDUIUUUUUUUUUDUuUuU'* UDUDDDUU'UUUU“UDUUUUD 
JUIUUIUUUIDUUUUUDUUUUUUDUUUUu 

lOOUOUUUU 

JUUDUUDUNUDUUUD witeOUHOUUUUUUUUUUUUUUU UO 
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datapoint::printOl] OU UU ASCII JOUHOUOUHOUODÖUUOUUUUUUODUUOUOUUODOUL 
HUUUUUUUY 


//: DATAGEN.CPP -- Test data generator 
#include <fstream.h> 

#include <stdlib.h> 

#include <string.h> 

#include "..\5\datalog.h" 





main() { 
ofstream data("data.txt"); 
ofstream bindata("data.bin", ios::binary); 
time t timer = time(NULL); // Get time 
// Seed random generator: 
srand((unsigned)timer); 
for(int i = 0; i < 100; i++) ( 
datapoint d; | 
// Convert date/time to a structure: 
d.Time (*localtime (&timer)) ; 
timer += 55; // Reading each 55 seconds 
d. latitude ("45*20'31\"") ; 
d. longitude ("22*34'18\""); 
// Zero to 199 meters: 
double newdepth = rand() % 200; 
double fraction = rand() % 100 + 1; 
newdepth += double(1) / fraction; 
d.depth (newdepth) ; | 
double newtemp = 150 + rand()%200; //Kelvin 
fraction = rand() $ 100 + 1; 
newtemp += (double)1 / fraction; 
d.temperature (newtemp) ; 
d.print (data) ; 
bindata.write ((unsigned char*) &d, 
sizeof (d)) ; 
} 
) 
[] O DATA. TXT 7 O O ASCI O OOOUOU0GOUOCOO OO O DATA.BIN[] [J [] ios::binary[] 
HOUOUUUUUUUUUUUUUUUO 
HOCUoUUtmeQUOUUOUUUUUUUUUUUUUUUUOUYE ame dl] ll ll Dl 1970 
O 10 10 ool 001] 00 GMTY I I I iu I i i i i I I CHOO serandOl ll I EI I I IL 
lnNnNHHNHDDDDUUDDDDDUDDUL 
nnugugugugunununuuuuunuuunenhnnnnnnuuuuuunnnnuwnn 
UHOOUOUUUUUUUUUUUUOD 


struct tm { 
int tm_sec; // 0-59 seconds 
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int tm min; // 0-59 minutes 

int tm hour; // 0-23 hours 

int tm mday; // day of month 

int tm mon; // 1-12 months 

int tm year; // calendar year 

int tm wday; // Sunday == 0, etc. 
int tm yday; // 0-365 day of year 
int tm isdst; // daylight savings? | 


bi 


HOHUUUUUUUOUU mY UUUUUUUUUUYE CH localtimeOQU UUUUUU 
HOOHUUUUUUUU mY UUUUUU YE tmi localtimeOQU I I i i UU Ui i i i Ii I Ll 
localtimeQ[] [O O O 0 IocaltimeO[] O U U Ul UI OU 1]. datapoint[] [] tm struc ll ll Ul OO 0 
HOHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUUoo 
UÖUÖLUÖUÖUÖUUUUUUUUUUUUUUUULI localtmeQU I i I EI I YI UI Ii UI I'L 
HOUUUU 


d.Time=*localtime(8timer)[] 


HOUUUGU tmerrYOUOUSSUUUUUUUUUUUUUUO 

HUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU 
CU rand(OQU Ul Ii uu DU Ii Uu IU UI I RAND MAX] I UI Ui i Uu UU UI UI Uu Uu I. Ul 
UUHUUUUUUUUUUUUUUU @UUUUUUUUUUUUUUUUUUUUUUo 
UUUrandOU OU Ui Ui Ui i u U3u'iuiuuuunuuuuunnuumnununnnowunn 

UWOUUUU DATA.BINJOUUUUUUUUUUUUUUUUUUUUUUUUUO 
IRAMUUUUDUUUDUDUUUUDUDUDDDU witout OUUU 
O00 —UUUUUUUUO unsigned char) Il I UIuUnnnnunuumunuuunnwun 
HOUUUUUU YE datapoint] JUUÖUUOUUUUUUUUU datapointt] I i i I UI UI I'L 
IUlnlnlnuuuuuunnnuuuuuuunuuuuuuunnuuumunuuunouno 
HOUUUUUUUUUW 

20UUUU0U0U 

HHOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOo 
DATA2.TXT]Y VOU UUUUUUU DATATXTUQUUUUUUUUUUUUUUUUUO 
INUUnuuuuunnuuuuunnuunuuunnuuuuunnwmuu 

//: DATASCAN.CPP -- Verify and view logged data 

tinclude <fstream.h> 

finclude <strstrea.h> 

tinclude <iomanip.h> 

#include <assert.h> 

#include "..\5\datalog.h" 


main() { 
ifstream bindata("data.bin", ios::binary) ; 
assert (bindata); // Make sure it exists 
// Create comparison file to verify data.txt: 
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ofstream verify("data2.txt") ; 
datapoint d; | 
while (bindata.read( (unsigned char*)&d, 
| sizeof d)) 
d.print (verify) ; | 
bindata.clear(); // Reset state to "good" 
// Display user-selected records: 
int recnum = 0; 
// Left-align everything: 
cout.setf(ios::left, ios: :adjustfield) ; 
// Fixed precision of 4 decimal places: 
cout.setf(ios::fixed, ios::floatfield) ; 
cout .precision (4); 
for(;;) { 
bindata.seekg(recnum* sizeof d, ios::beg); 
cout << "record " << recnum << endl; 
if (bindata. read ( (unsigned char*) &d, 
sizeof d)) { 
cout << asctime(&(d.Time())); 
cout << setw(ll) << "Latitude" 
<< setw(11) << "Longitude" 
<< setw(10) << "Depth" 
<< setw(12) << "Temperature" 
<< endl; 
// Put a line after the description: 
cout << setfill('-') << setw(43) << '-! 
<< setfill(' ') << endl; 
cout << setw(ll) << d.latitude() 
<< setw(11) << d.longitude() 
<< getw(10) << d.depth() 
<< setw(12) << d.temperature () 
<< endl; | 
} else { 
cout << "invalid record number" << endl; 
bindata.clear(); // Reset state to "good" 
| 
cout << endl | 
<< "enter record number, x to guit:"; 
char buf [10]; | 
cin.getline (buf, 10); 
if (buf [0] == 'x') break; 
istrstream input (buf, 10); 


input >> recnum; 


ifstream bindatal] J WU DATA.BINGOUUOUUUUUUUUUUUUUUUUO 
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ios::nocreatel] TU UUUUOUUUUUUUUUUUUUUUUS assertOU OU UU read ÔL] 
HOUUUUUOUUUUUUUU HY datapoint dQ O O datapend I I UL u BU I i I LU 
JnIUDDUUDDUDDDUOL readOU O UI LI I] bindata[] failbid] O O O O while] O O 0O 0O L 
UUIUDuUUuUuuUuuu' u'UUUUUUUUUDUUUUUUUDUuuUuUDUuUuUuuDuu 
U clear Ol] VUUUOUUUU YO faibit] 

JUIUUUUDUDUUDUDUDDUUUDUUUUDUUUDUUDUDUDUDUUUU 
JUIUUUUDUUDUUDUUDUDDUOUUUUDUDUUULU 

UOÖLOUHLOUUUUÖUUUUUUHUUOULT recum] IU Uu UU Uu UU Uu I Uu Ui LU 
U4UUHUUHUUUUUUUUUUUUO 

UUUUUUUUUUUUUUO 


record 0 
Tue Nov 16 18:15:49 1993 





Latitude Longitude Depth Temperature 


45*20'31" 22*34'18" 186.0172 269.0167 


UOÖLOUHLOUUUUUUUOUOUD setwOUUUWHUUUOUUUUUUUUUUUUUO 
HOU UUUUUUUOUUUUUUUUUO’ UUUUUUUUUUUoo 

UU readOU OUUUUUelseO I U UL LI UU U U3Uu UU I Uu H3U UU I I i I. UI. LU L failbit 
JUIUDuUUUUce,rÔl] I UU i I U Ii Ŵ. U I I read I U3 UU I Ui. Ul Uu I i UL) 

JUIUDUUUUDUUDUUDUDUUUUUDUUDUUDUUUDUUDUDUDUUUU 
JUIDUIODUDDDUffafie]l DUOUUOUUUUUUUUUUUUUUUUUUUUUO 
HOUUUUUUUUUUUUU DBMS—-[] Applel JU BASICIULUIUI UU I UU UI I.L 
JUIUUUDUUDOUUUUUUUUDDUDDUUUUUN DBMSOOUOHOHOUDUD cU 0 
JUIUDUUUUUUUUUUUDDUUUUUUUDDUD 


6.11 UU 


JIUUUUDUUDUUDUDUUDDUUUDUUUUUDUUDUDUDUDUUDUDUUUU 
JUUIUDUUDDIUUUDUDUUUDUUUDUDUUDUUUDDUUUUUUDDUUUUU 
JnIUDDUUUUUUUUDUUUDUUDUDUUUDUUUUDUUUUUUDUDUUUUuU 
JUIUDOUUUDDUUUUDDODUUUUDUUUUUDUDUUUnU 


6.12 UL 


>)DUIDDULU inllifstream] DUO UUUUUUUUUUY osl ostrstream[] O O O 
UU rdbufOU UOUUUUUUUY ostrstream[] O strOU O UU ost] char* OO UUUUUC 
toupprOU WU OUUUUUUUUUUUUUUUUUUUUUUUU) ot UUUUU 

2UuUunnnnDnuuuguuguguunuguuuunuuUuununuwu 
JUIUUUUUUUUDIUIOUUUUUUUuuUUununuuuuuuuunuurtnD 

>UUUIUUUDDUUUUUUUUUDUUUUUDUDUUUUDUDUUU UU 

HMOOUUUHUUUUUUUNU sepAUOUUOUUUUUUUUUUUUUUUUUUUW 
JIUDUUUUDUDUUDDUUUUDUUDUDUUUDUUUDUUUUUUDUUUUuUuno 
JUIUUUUUUDUDUUUUDUDDUUUUUU 
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hina an 





W/O U L 


JnIUNUUDUUDUUUU cosi] llUlUuUuuuDnuDnuununuDnuununo 

Jc—ulIDUIUUUDUUUUDUDUUUUUUDUDUUUUDUDUUUDUUDDDULU 
JUIUDDUDUDUU CUHUUDUUUUUUDDUUDUDUUUUUUDUUDUDU 
OLOOGÖUHOUUUUOUUUOUUOUUOUULE consd] I I ODO I] volatile, O const “ UU” 
JUUUUUDUDUUDUDOUUUUUUDULL 

consti l] I U Uu U I UI I. Fdefinesil] JI Uu UU II Uu BU UU UU UU i Ui LU 
JUIUDUUUDUDUDUUUDUDUDUUUUDUUUUDUDUUDDUDUDUDUUUU 
JUIUUUOUUUUUDDUUUU 


7.1 UUU 


UCUHUHUHUOUUUVUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
JUIUDUOUUUUDUUDUDUDUUUUUUUDUUDUODUUDDUDUDUDDUDUUUU 
JUIDUONIUUUDNUDUUU C—UUULU UD cost] O 0O D 

CIUUIUUUDUUDUUUDUUUUDUDUUUU 

#define BUFSIZE 100 


BUFSIZE I Uu UU UU UU UU UU UU UU UU UU UU UI UU ui uu LU 
UUUUIUUIUUUUUDUUDUUUUUUUu UUUUUU'DUUUUUUUDUUuUuu 
UIUUUUUDUDUDUUUDUUUDUDUUUDUUUUUUunuUuUuuuuunoD 
UIUUUUUDUUDUDUUUUDUUDDUDUUUUDUUUUUUunuuUuuuuunob 
JUUngnunuwu 

JUIUUUPBUFSIZEII I IUUUUUDUUUunUunuUunuUununUunuuuuuuu 
JUIUUUUUUUDDUUUUUUDUUDD CH const I IIu UU Uu UU UU UI. L 
JUIUUUNUUUU 


const bufsize-100[] 


HOUUGUUUUO 

const int bufsize=100[] 
HOUUUUUUUUOUUUUUUUUUUOY) befsizeQ QO OUOUUUUOUUUUUOSG 
IUIUDlUIUUUDUUNHUDUUNHDUDDUUUUHUDUUDUUDUUNHDDDUDUNHDDOL 
LEE 2 LEET Ed SEs) 

char buf[bufsize][] 

UHUUUOUUUUUUUU UL char] int float[] double] I I UI Il Ii I i I I'L 
IDDluluuuuluununununnugnnnnumnuDn cons UU ll I LI. const] O 
#define[] [] O O U 


7.1.1 [| 0O00 const 
O OU fdefinel] O O O O const] O O const] OO I UU I UU UI UI Ii i II UU I UI Ul I. LL 
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UU const] VUUUOUHUUUUUUUUUUUUUUUUE CHOU const I I i UI UL 
UUUUU consti O const] HUÖUHOUÖUOUUÖUOUOUOUUOUUOUOUUUOUUOUOUOUUHU 
UUUOUUUUUUE const JUHOUOHOUOUÖUOUOUUOUODD exteri JOÖUOOUUU 


extern const bufsize[] 


UUUUU exstemfJOUUUUUUUUUUUUUUUUUUUUUUY cosi] I UI UU 
JUUDUUDDUIUUUC—UUUUUDUD cosi Dl llun iU uu uu Uu UUuUu 
HUUOUUUUUE coosdi] Di Ul UU 83 UL Uu Uu u UU I Uu i. LU 
JUIDDOUUUUDUcesÌll ill lU UU UU Uu Uu UL Uu Uu Uu Uu Uu UU UI. 
JUIUDUUUDUDUUDDUDUDUD const JOUÖUUHUUUUUOUUOUOUOUUODOUHU 
LOOGOUÖHUUOUOUOOUOOODD const UU eppHUUHUUUUUUUUUUUUUUY 
UUIUUIUUuunUuuuuUuunuUuunu' UU UUUUUUU const I I UI U UI. LU 
JIUUUUDUDUDUDUUDUDUUDDUDUUUUUUUUDUuUuuuoDnuuunoD 
JUIUUIUOUUUUODUUUUDDOUUUUUUULU 


7.1.2 constl]l] O0 





conti l] ll UU I I Ii Ui i Ui UI IJ. ?definel] l] UI Ui i UF Uu UU i Ui ui i iu ui ui u 
IUUnnnuuuunuunnunuumnnubu cesdliliNiNlllBllUUUUUuuuuwunu 
IUlnluluumuuunuuuuuunuuuuuuunnuuunuunuwuwu 

//: SAFECONS.CPP -- Using const for safety 


#include <iostream.h> 


const int i = 100; // Typical constant 
const int j = i+ 10; // Value from const expr 
long address = (long)&j; // Forces storage 


char buf[j + 10]; // Still a const expression 


main() { 
cout << "type a character & CR:"; 
const char c = cin.get(); // Can't change 
const char c2 = c + °a!; 
cout << c2; 
[I saa 
} 


HUUOHUUMWUUUUUUUUUUU UUW UUUUUUUUUUU woud 
JUUUUHUUUUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUad iu 
JUIUUIUOUUUUDDU UUUUUUDDUUUUDUUDUUUUSUUUDUUUUDUDuU 
OOOGOOOOJUHUOUHOUODOJUUOUOOUOUOHOUOUOUOUOOUOOOOOOD bel ODOL 
O OJU 

UOUUU mano JI UI UI Uu cU I UI. const i Ui Du uu &3U I Uu UN Ui .LU 
JUIUDUUUUOUUDDUUDDUDUUUUUUDUUUDU cCUUUUDUUUUDUu 
JIUUUUDUUUUDUUDUUUUDUUUUDUUDUUDUDUDUUU e>UcUl UU Uu hU UI. LU 
JUIUUUUUUUUUUUUUUUuUuuUuuuunuu—-UUnsdefinel] | UL 
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713 00 


consti ll Ill UU PUI Ii Ui Uu U3U UU UU Uu UU UU Uu Uu Uu Uu u Uu nU UU 
UNnIUUUUUcesUlUll UIUDUIUUUDU”UUUDUUUUUUUUUUUUununo 
JUIUUUUDUUUUUuDngunnnuUunU”nuunuoununo 


//: CONSTAG.CPP -- Constants and aggregates 





const int ill = ( 1, 2, 3, 4 }; 

//' float f[i[3]]; // Illegal 

struct s ( int i, 3; ); 

const s Si] = ( { 1, 2 }, { 3, 4 ) }; 


//! double d[S[1].j]; // Illegal 


main() {} 


JUIUUUUDUDUUDUUUDDUUUUUUUUDUUDUDUDUDUUUDUUUnu 
UNUIUUUUIUUUUIU'DU”UDUUUDUUUDUUUDUUUDUUULD 
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Inlnuunnmumuc—nlnuunnnuclnnuuuununuuuunnnnunuwun 
HUOQUUUUUU CUUUUU CUU const lll” OUUOUUUUUUUUU UUCUUL 
HOUOUUUUUUUUUUUUUU CUUUUUSE const] lll ll i I uu i Ii i I I LI CHU 
UD DL 

const bufsize-100[| 

char buf[bufsize][] 

IUnluUunnuunuunnununuunnnunuunnunnnn vwsizel I I LILI Ll 
IDnuuciununuunuunuunnuchiunnnunununnn 


const bufsize[] 


JumIUUc—HUIUDUUUUUCHIUDUDUUUUUDDUUUUUUDUUUUUDUUD 
JUIUUD COU cont] I I i I I c++0 0O cen I I Uu HU 3 Uu IIu U I UU CU 0L 
UU CUUHUUUUUUOU exten VOUOUUUUUO 


extern const bufsize;//declaration only 


JUIUDDUNIUDUCHIUUU 
UCUUUUUUUO const OUHOUUÖUUHOUOUUOUHUOUUOUÖUUOUUOUOUOUODUU 
JUIUUIUUUUUDUUDD const OUUUUUU COUUUUUUUUUUUYL sdefinel) 
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JUUUUDUDUUD const] VUOUUU const] I Ui Uu UU uu Uu Uu Uu Hu UU UL 
JUIUDUUUUUUDUUDUUUDDUDUUUDUUUUUUUUDUUUuUuuuunob 
JUIUUUUUUUDUUUuDnuDnuUunUDunonuuuousSuuuuuuuu 

JUIUDDDUD const I U LI U I UI. censd OOUOUUUUUUUUO const] L] 
JUIUUUUUUDUUUUDUUUUUUDUUUUDUUUUDDDUUuu 


7.2.1 [| O const] [] [O 


JUIUUIUUDUDUUUUUUDUUUUUUUDUUUUDUUUDDUUDUUDDUD 
const] O00“ UUU” UUUUUUUUUUUUUUUUUUUUUUDUUUUUDU 
UOUUUU 


const int* x[] 


20O0O0ÖUOUODUUODOUUD -UUDUUUDUUUDU cosstinttP JOUHOUOUOUUOUUU 

J^YIUDUUDDUUUUDDUUDUUDDU cost] UU Uu «UU I Ui UU Uu I'U 
JUIUUUUUUUuUuuUuuuuuuuUuuuuunuuuuuuuuuu «0000 

JUIUDUUUDUDDUUcond] I I Ui 1 U I LU 


int const* x[] 


UNnIUUunuUugnuuUuDnuuUuunmuUuuuu” xXUDUUUind] cont] "I UI UU UU 
HOU" ^UDDUUDUDUDU const int] JOO “UU cons I UU I iad] U UI U UU 
JIUDUUDUDUODUUUUDUDUDDUDUDUUUUUUUUDUUUUUuDUDUD 
JUIUUUUUDDOD 


7.2.2 const[][] 





HOOUOUOGOUOSE cost] Ul UU const] ll I uu *UUUUUU 

int d=1[] 

int* const x=&d[] 
IDIDUU”>^UUUUUDDDUUUDUDDDUD ind] const] I “UU OUOUOUUUUUY const] OU 
IDIUDUIUHUDDUDUUUUDUUNHDDUDUNHDUDUDUUUUDUUUDUDDUDDUUDUNUD 
HOOOO *x=2[] 

UOÖHÖGHOÖUÖUUOUOUOUOUUUUUOUOUOOUOUOUUOU OLD const] I I DI OÜ const] OO 

int d=1[] 

const int* const x=8d[] // (1) 

int const* const x2-&d[] // (2) 

OÖKÖUOUOUOUUOUOUODUOUU 

UÖHÖHÖUÖUUUOUOUUUUOULE constIOUOUOUOUODOUOOUOUOUOUOUOOUOUOUUUOUUU 
HOOOUUUUUYUUUUUUOUUUUO 

“OU 

IDUDlUIUUUDUUNHDUDDUUNHDDDUDUNHDUDDUUUUHUDUUUUDUDUUD 
HOUUUUOUUOUUU’ ** UU”UHUUDUDD 


int* u-&w[| 


128 con China=puh.eoM 
00 


int* OOUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUE * UU 
HOUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUoo 
HOU 
int* u-&w[] v=0[] 
UInDnntlinua]llllllllllineyYnl Il UI Ii Ii i Ui UU Ii ui iu uu Ii i i i i i ui LU 
HOUUUUUUUUUUUUUUUW 


723 QOOUUUOU 


C-HJOHOUULÖUUÖHUHUOUUUUUUUOUUOUUUUOUHUUOUUUUUUE const] L 
JUIUDUUU const] UI Ui Uu Uu Uu Uu lu I UuUuDnuUuUUuDunuuunu 
const] I Ll I hU UI i I iU. cont I UU UU Uu iu au I i UU Uu UI UU. consi[] UO 
JIUUUUUDUUDUODDUUUDUUDDUDUUUDUUUUUDUDNHuUUuuuouunoD 
JDDUDDU const] OOOO const] JUUÖUUUOUUU 





int d = 1; 
const int e = 2; 
int* u = 84; // OK -- d not const 


int* v = &e; // illegal -- e const 
= (int*)&e; // legal but bad practice 


10 C-FJOUÖHÖUÖHOUOUUUUUOUUUUOUUOUOUUUOUUOUODUUOUUUOUUUU 
ANN 

“ll I LI Ll 

HOU const} OU UUU consd] I I I UI I Ui I uu ni iu i i ln i I Ii UI. 

char* cp-"howdy"[] 

IuUnuunuununnuunuunnuunuununnunununnunmnnn 
“howdy UI ll UU UI UI Ui Uu I Uu Ui UU iu I li i uuunuUuuUuUunuuu 

IUnlnluuunnuuunnuununnuuunnunuuunnununnuunnunu 
INnlnluuuunnuunuunnuuuunununnununnununnununnunn 
UD DL 
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0 const] ll UU Uu UU IU uu ut Il UUUDuDnuuuDnuDnuUunno 
JUIUDDDUcensitlllU ii Uu UUllu UU UU uu UL iu UI Uu Uu U UI UG LU UU 
JUUIUUUDUUUUDDDUUUDOUDUUUOUUUDUUUUUUUUDUUuDnuwu 
const] I I Ud Uu UL I Uu HU I LD 


7.3.1 [] O consti] 


int* w 


JUIUUUUUDDUUDUD const I I i UU UI LU 


void fl(const int i) ( 
i++; // illegal -- compile-time error 


) 
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OO0OOOOOOCOCOOOOOOOOOOOOOOOOOO xOuUUUUUUUUUUUO 
JUIUUUUUDUUUUUDUDUUUNUOUUUDUUUUUUUUuuu 

UOUUUU const lU UI Uu UU Uu UU Uu Uu UU UU UU UU ui Uu ui LU 
JUIUUUunuwu 

JUIUUUuuUuUUuuuUuuUuuuu cesdil IU I U UU I UI. UU, consd] O 0O 0O OL 
UUUUIUUUUUUUUDUUUUUUD UU'UDUU OD UU UUuUUuUUuuuu 
JUIUDUUUUUUUUDUUUDUDUDUUDUDUUUUUUUUUDUUUuUuuunoD 
USHUHUUOUUUUUUUUUUUUUUUUO 


void f2(int ic) { 


const int& i = ic; 





i++; // illegal -- compile-time error 


) 


JUIUUIOUUUDUDUUUUDDUUUDDU cost DI UL Uu UU Uu UU LU 
JUIUUUUUDDODUUUUDUNUUUUUUULU 


7.3.2 [] [] consti] 


JUUUUDUUUUDUUUDUUUUDUUUUDUUUUUUUUDUUUDD 
UU 


const int g()[] 


IUUnDuumuuuunnnuuuuuuunnunuuuuuununuuunuuunuonno 
UOULUUÖUUUOUOUOUOUOUUIU 

UUUUU const li I Uu UU Uu Uu I u ui Iii dui i i i i ila'unuDDnDnuu 
UU 

//: CONSTVAL.CPP -- Returning consts by value 

// Has no meaning for built-in types 


int £3() { return 1; } 
const int f4() { return 1; } 


main() ( 
const int j = £3(); // Works fine 
int k = £4(); // But this works fine too! 


) 


JUIUUUDUDUUDDUDDUUUUUUUUDUUDUDUDUDUUUDUUUunu 
UOUOUU const] iD i UU UU UI 

JUUUUUDUUDUUUUUDUUUDDUUUDUUUUUDUUDUNUUDUUD 
JUUIUUUDUUDDUUUUUUUDDUDUUDUUUUDUUUUDUUDUDUUUDLIUuU 
UU 


//: CONSTRET.CPP -- Constant return by value 


// Result cannot be used as an lvalue 


class X { 
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TT 


int i; 





public: 
X(int I = 0) : i(1) () 
void modify() { i++; } 


); 


x £50) | 


return XO; 


const X £6() | 
return XO; 


void £7(X& x) ( // Pass by non-const reference 


x.modify () ; 


} 


main() { 

£5() = X(1); // OK -- non-const return value 
£5().modify(); // OK 
£7 ( 


£5()); // OK 
// Causes compile-time errors: 
//! £6() = X(1); 
//\ f6().modify(); 
//! £7(£6()); 


fOU El OO const XY UU UU f6o0] HOOL const XJ VUUUU const] I I I I. L.L 
HUUHYOUOUUUEUUUUUUUOUUUUUUUUUUUUUUUUUUUUUUUoUoo 
HOOLD const[] 

100000000000 00 cost I UI Ul i i il il Ii ui ui uii uii uu iu il I Ii I Ui I'L 
INnNHUDUUUDDDUUUUUDHDIDUDDDUUUDUHNHDUHDUDDDDDUUUDUDNHDUDL 
UU 

10 fTOUUUUUUUUUYO const] UU CHO I I UI i Ui i Ui UI i Ii i i.) Jol 
HOUOUWUUUUUUUUUUUOUU con] I I i i li i i I Ui. Ll 

“ll UI 

HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoo 
HOUOUUYUUUUUUUUUUUUUUUUUUUUU —OoUUUUUUUUOod 
HOUYUOUUODUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
IDUluuuUluuuuuuuunuguHungunnuHnuuunuunuHmnuHmnunnu 
IDUluuUluuuUuuuuunuguHnungununuuunuuuuHunuHunuuHUnunn 
HOUUUUU 

HOUOUUUUUUUUUUUUUUUUUUUUUO 
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JUUUUUUUUDDUDUUUUUDUIUUUUDUDUUDUUDUUUUDUUWD 
JUIUUUDU censdÌUlllllUlDIU UIUUUDnuunuuul”DuuDuUuuuuuunuuuuouu 
JUIUDUUUODUUUUDDUDDUDUUUDU constH i Ul i Uu DU iu u lU Uu Uu 
UU const I UU Ui i i ui UID 


UUUOUUUUUUE cost ll lli iu Uu Uu UU UU UL Uu Uu Uu I Uu UI. 
OUOOOD const] VUUUUUUUUUUO 


//: CONSTP.CPP -- Constant pointer arg/return 
void t(int*) () 


void u(const int* cip) { | 

//! *cip = 2; // Illegal -- modifies value 
int i = *cip; // OK -- copies value 

//! int* ip2 = cip; // Illegal: non-const 


) 


const char* v() ( 
// Returns address of static string: 


return "result of function v()"; 


} 


const int* const w() ( 
static int 1; 
return &ì; 


) 


main () { 
int x = 0; 
int* ip = &x; 
const int* cip = &x; 
t(ip); // OK 
//! t(cip); // Not OK 
u(ip); // OK 
u(cip); // Also OK 
//! char* cp = v(); // Not OK 
const char* ccp = v(); // OK 
//! int* ip2 = w(); // Not OK 
const int* const ccip = WC); // OK . 
const int* cip2 = w(); // OK 
(1 *w(O = 1; // Not OK 


) | 
UU tOUHUUUUY cosi VUUOUUUUUUUY UQ consd] UOUUUUO 


132 C++0 000 China=puh.eom 
0 


JneOnl iU iU Ui Ul UU UU costH DU BU uu Uu UU Uu Uu UU UU iu Uu Ul Ui Uu Uu. UU 
U const] I UU UI Uu BU i U I U I'U con JU U< 3 UU I Ui Ui UU]. consd] OU 

UU vOU wOU UI Uu I Uu TU vou UUUUUUUUUUUS const char*[] O O 
JIUUUUDUDUUUUDUUUODUUDDUDUUUUUUUUUUDUUDUuUHuUuno 
JUIUUIUUUDUUUUUDUNUUUUDDUUUDUD-YOIUDUUUUUuoUuU 

wOÔlll il iu DU UU Uu Uu UU Uu UU UU Uu UU ui iu vOuUUUUUO 
JUIUUUUUUUUUUUUDU wOUP UU Ui Uu iu iiu uIUunuUunuuuuuno 
JUIUUUDUDUOUUUOUUDUUUDUUDDUDUUUUDUUUUUDUDUUUUUUUD 
JUIUUUDDUUDUDDUNUUODUUUUUUU 

0 OO mano] OOOO tvodOUOOUL cosi] UD i I Ui I UL 
JUIUDUUUUUDUUcosi DU UU I Uu 3 UL Ii Uu O Uu UU UU i ui G3 uil i ui UI. UU 
JUIUDUUDDUDUUDUU UUU cont iiu DU UN Uu Uu u &3UU U UU UI .LU 
U const] WU O OOO const O I UU Ui I L 

JUIUUUUUDUD-ODUIUU I Uu I Ui I iU). consd] I i I U â U I I U I wou 
JuUIUUUU cost] O 0O UU UU YU constint* const] WUOUOUUUUUUUU UO const int*[] 
JUIUUUUUDUUDUDUUUDUUDDUDUDUUDUUUUUUuDnUuuUuuuuuunoD 
JUIUUDUDDUNDOUONUOUONUUUUUUUUUUDUDDUD constint*const[] O O O O consti 
JUIUUUUUUDUDUUUDUDUUDIUUDUUUUDDOD 

“UUUDUnno 

JcIUIUDUUUUDUDUUDUDUUUUDDUDUUUDDDUUDUDDUUD 
CHOU UOUUUUUUUUUU CH+UOUUUUUUUOUUUNWUUUUUUUUUUUU 
OOD const JOUOÖUUÖUOUUOUÖUUOUOUOUUUOUUOUOUUOUUOUUUOUUOUOOUOUOUDU 
10000 —UUUEUUUUUUUUUUUUUUUUUUUUUUUUUUUUad 
JUUIUDDUUDUUDU constJJOUOHOUUOUOUÖUOUUOUUUOUOUOUOUODUOUODUOU 
HUUUHUUUUUUUUUUUUUUUUUUO 

JUUUDUUDUUUUUDUUDDUDUUDUUUUUDUUUUDUUUDUUDUU 
JUUUUUDUUUUUUDDUUDUUUUUUUDUU—UUUDUUDUDDUUDUU 
JUIUUUDDDDUUUUUUUUCcCIUUUUDDUUDUDUUUUUDUDUUDUDU 
JUIUDUUDUUDDUUDUDUDUUUUDUUUDUODUUDDUDUDUDUDUUUU 
JUIUDDOUNUUcoesi JOUUHOUHUUOUUUHUODUU 





//: CONSTTMP.CPP -- Temporaries are const 
class X (); 
X f() { return X(); } // Return by value 
void g1(X&) () // Pass by non-const reference 
void g2 (const X&) {} // Pass by const reference 
main() { 

// Error: const temporary created by f(): 
//) g1(£0); 


// OK: g2 takes a const reference: 
g2(£0); 


) 
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JDfOl UU AUD UUUDUHUODUUUUUUD fODUUDUUDUUUUDUUUDno 
000 gl0U e200 UUUU HUH UUUUUUUUUUUUUUUUUUUUUUUS sto 
UUUOHUUOUUUUE gtOUUUUUUYE const JOHUOOUD g32OD LUI I Ui I U I Ui. LU 
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JUIUUUUU const Il Ilu lnnunnUn”DunuuDuDuguguuuuouu 
JIUUUUDUDUODUUDDUUUDUDUDUUUUUUUUDU const JOUOUUUHUUU 
JUIUUUDUUDUUDUD—UUUDUUUUUUUUU 

UOLOUUÖUUÖUUHOUHOUDOE cosdi] UD UU UU UU UU Uu UU UI Uu ii ui LU 
JnIUUDDUUUUUUDUUUuSuUDUuDuDUUDUuDUDUuUDUunuuununuwnu 
IUUUUDUUUUDUUUUUDUDUUUUUDUUUUUUDUUU const] I I UL) 
JUIUDUONUUDDDOUUDUU const] OOO L 


741 U O DỌ const[] enum 


IUlnuunnuununununuunuununnuunumunuuunuunununnwnun 
const[] [] #defineL] IL i Ui I uu uu I I i i i i Ul i i ui i i uu u uu i Il I i i i I. 
HOUUOUU szed OUUU szelllllililiunuuuuuuunnnnnnnun 
OOOO Ísdefine] OO I Ui Il UU UI UU Uu i Ii I i I i I.) @define] I LI UU LL 
ANN 

HOUUUUUUUUUUUUUUUUE consJIHOUUUÖUUUUOUUOUOUODUOU 
HUUUU constQUOUU CU iu ui i lli iu ui li i ui i I hl i i Ll Uu nin i i i i u ìi 
IUUUUuuuuuuuuunuunuunuu const VOU" UOUUUUUUUUUO 
HUUOUU"UUOUUUUUUUUUUUUUUUUUUUUUUUUUUO 

HOUOUUUUUUUUE const] I I I I i dI UI Uu 9i i i i liu i Ui i i i i Uu I. 
UOULUÖUUOUUUOUUOUUUOUUODUUODULD censdlllllllUllliGUUUlIIlUl I I 
HOUUUUUUUU censdlli i uunuuuuuuuuuuuuunnnnnnnwun 
INnlnluuuunnuuunnununnunu ces] I i i i Dl Ii i i iu nui ui ui Lu 
HOUUUUUUY const] UU 

LOUOUQUUUUUUUO 

IUnlnluuuunnuuunnununnuunununumuunnununnununwunu 
IUUuunnnuuuuuuunnnmnnnnunuunuunnn—Uululnuuununuunwn 
HOUUUUU—UUUEUUUUUUUUUUUUUUUUUUUUUUUUUUUOo 
'UUUUU'UuuunuuuuuuuuuuuuuuuuuuuuuuuuuunuuuunD 
ll const] I UI I I dI I I EI. I LI const] UUUUU 

class fred { 

const size; 
public: 
fred(); 

); 


fred::fred() : size(100) () 


134 C++0 000 China=puh.eom 
lil 


JUIUUDUUUUDUDUDUUUDUUUUUDUDUDUDUUDUDUUDUUUU 
JUIUNUUUUDDUNUUUUDDD 

2 000000“ Uuu” 

JUIUDUUUUDUDUDUDUDUUUUUDUDUDUDUUDUUDUDUDUUULU 
JIUUUUDUDUUDUDUUUDUDUUDUDUDUUUDUUUUUUunuuuUuuuuunoD 
JUIUDDUUDUDUNUUDUUUUUUU 


class B { 





int i; 
public: 
B(int I); 


E 
B::B(int I) : i(I) () 


JuUIUUUcesi] DI UL Uu UU 3 Uu uu UU uu Uu Uu Uu i Uu UI LU 


IUUDIUUDUUDUuuuunu uUuUuu'unuuuUusnuuuUuUunuUuuuunD 
float pi (3.14159)[] 


HOHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUUUoo 
[] integer[] [| 
class integer ( 
int i; 
public: 
integer(int I = 0); 


); 


integer::integer(int I) : i(I) () 
10000000 Integer] ll lll I I I Ui Ii Il i Il Ul iL 
integer I[100][] 


U for] UU memse 0] UI UI Ui UI Ul Uu Uu Uu UU Uu Uu Uu Uu UI UI 
JUIUUUUUDDOD 


742 OOODÖUUOOUU 


HOUOUUUUUUUUUUUUUUUUUUUUY const ll il i i i i ui i i ui uu 
UOULUUUUUUUUUUUUUUUOUOUOUOOOOLUL const] DD CU I UI UL 
HOUOUUUU 

class bob { 

const size = 100; // illegal 
int array[size]; // illegal 


|U ee 


0000 const} UO" UUUIUDUUUUDUUUUUUUUUUUDuUUDuuuuu 
HOU censi'l IUUIUUuUUuUUUUUUuUDUUDUuUUuUUUUuUuDuUuuuuu 
JUUDUUDDUUDUDU enomp Il UU UU Uu UI un UU uu U3 UU i Uu UU Ui. LU 
JUIUDUUUUUUUDUUUUUDUUDUUUUDDUD 
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class bunch { 
enum { size = 1000 ); 
int i[size]; 


a 


len: li Uu UU Uu UUN i UaU UU I ui93u a UUU UI UUUununuuno 
JUIUUUDNUUUUUDDUD 


enum { one=1,two=2,three}[] 


UUUGemmYOUUUUUUUUUUUUUUUUUUS three] OU 30 
HHUUUUUUUUUUUUUUUUO enam] UL 
//: SSTACK.CPP -- Enums inside classes 
#include <string.h> 
#include <iostream.h> 


class StringStack { 
enum { size = 100 }; 
const char* stack[size] ; 
int index; 
public: 
StringStack () ; 
void push(const char* 8); 
const char* pop (); 


he 


StringStack::StringStack() : index(0) { 
memset (stack, 0, size * sizeof (char*)); 


} 


void StringStack::push(const char* s) { 
if (index < size) 
stack [index++] = 8; 
} 
const char* StringStack::pop() { 
if (index > 0) { 
const char* rv = stack[--index] ; 
stack [index] = O; 
return rv; 


) 


return 0; 


const char* iceCream[] = { 
"pralines & cream", 
"fudge ripple", 
"jamocha almond fudge", 
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"wild mountain blackberry", 
"raspberry sorbet", | 
"lemon swirl", 

"rocky road", 

"deep chocolate fudge" 


); 
const ICsz = sizeof iceCream/sizeof *iceCream; 


main() ( 
StringStack SS; 
for(int i = 0; i < ICsz; i++) 
SS.push(iceCreamli]); 
const char* cp; 
while ((cp = SS.pop()) != 0) 
cout << cp << endl; 


} 


|] [U pushO[] [| [J const char*[] [] O popoll U 0 L const char*[] stack[] [] const char*[] [| [| 
UOUUUUUUU YL stringstack[] O icecream ll ll I I i I iu u DU i Uu i iu ini i. 
HOU Seingsteackl] | I I I i I UI I I I I i Fi iu ll i i i Yi Yi Ii iL 

UOULUUUUUUUUUUUUOUUU enum O O 0O cl OU UU LILI Ll. static const) 
100000000000000U000U0U0U0U0U00U0U000U000 90000 

Dl I I I ILL 

COHUYUHYHUUUUEUUUOUUUUUUUUUUUUUUUUUUUU C+UUUU0 
HOHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUUUoo 
HOHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUUUoo 
HOOUOUUUUUUUUU 

HOOUC+H+OUUUUU0EUU CUHUHUUUHUUUUUUUUUUUUUU aUL 
color] VU 0000000 COUUU a++0 UU CHU I YU UI Il I Ti Ui I I i Fi Ii Ii Il I. LL 
lNnNnHHHNHDDDDDNHDDDC—uUUUNHDDUDUUUDNHDDDDDUUUNHDOL 
O OO colori O O inl] DI IDU O ind OOD color O0 CI I UI i Il Ii Ii IIi I I'L 
ll color] O O0 int] PI i i i i i i I bel 1 I FI i i di dI I I EE ET EI. colori 100 
HOUUUUUUUUUUUUWUUUUU enum I I i Fi Fi i i i I I I. enum O U 
lINnNHUHUUUDDDDDDUUUUUHUUUD 

HOUOUUUUUUUUUUUUUO 


7.4.3 const] 000000 


OOO const} I I i Uu DU i Uu uu IH Uu Uu Ui iu uuiu ul ni UU Ii Ii I I i. const 
OUOU 

UOULUÖUUUUUUUUUUUUUUOUUULET const I I UI i. 

const int i-1[] 

const blob B(2)[] 
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HOU BULL blob UU const] l]DUUUDUIUUUUDUDUUUDUuuU” 20000040 
UUUU const] JOHUOUHUOUÖUOUUUOUUUOUUOUÖUOUOUUOUOUUOUOUOUOUUODOUHU 
JIUDUUUUUUUUDUDUUDUUDUUDUDUUUUUUUUDnUuUuUuuuuunoD 
O0 const] VOUUU" UU" UUU 

JUIUUUUUUUUDU cosstHOUUUUUUUUUUUUUY const I I I LU 
JUIUUUDUUUDUDUDU cesd] DDUUUUunuuunuUuDuunuuuuuuuu 
UUUUUUUUSE consth O00000 L 

OUOUHOUHUUUÖUUHUOUUUUOUUUUOODOE const i LI UL U Uu I Uu LU 
JUIUUUUUUDUUDUDDONDUDUUUU const O OO const] UI UU IU UU U I.D 
JUIUDUDUDOUUDUDUUUUD cost iU lUi ul UUuUuu uu uiuuouunwu 
JUIUDUUUOUOUUDUUDUUD cosi] ÌDDUUUUDnunnuunuunuuuno 
JUIUUUUDUDDUU const Dl Ul UI UU UU UI censl]U I Uu Uu UU I UU 
UUUUUU 

consti WUHUHUHUUUUUUUUUUUUUUUUUUUO const ll] Ul UL 
UOUUUUU 


class X { 





int 1; 
public: 

int £() const; 
}; 


UUU const VUHUUUUUHUUUUUUUUUUUUUUUUUUUUUUUUo 


int X::f() const {return if] } 


UU fOUHUOUUUUUUUWUUUUUE const UUUUUUUUUUUUUUUUO 
HOUUUUUUUUUUUUUUYS const] VUOUUUUUY const UUUU 
OUUU const] O const] I] i UI IL 
//: QUOTER.CPP -- Random quote selection 
#include <iostream.h>. 

#include <stdlib.h> // Random number generator 
#include <time.h> // To seed random generator 


class quoter { 
int lastquote; 
public: 
quoter () ; 
int Lastguote() const; 
const char* guote(); 


); 


quoter: :quoter () { 
lastquote = -1; 
time t t; 
srand ( (unsigned) time(&t)); // Seed generator 


) 
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int quoter: :Lastquote() const { 


return lastquote;. 


const char* quoter: :quote() { 
static const char* guotes[] = { 
"Are we having fun yet?", 
"Doctors always know best", 
"Is it ... Atomic?", 
"Fear is obscene", 
"There is no scientific evidence " 
"to support the idea " 
"that life is serious", 
); 
const gsize = sizeof guotes/sizeof *guotes; 
int gnum = rand() % qsize; 
while (lastguote >= 0 && gnum == lastguote) 
qnum = rand() % qsize; | 
return quotes[lastquote = qnum]; 


) 


main() { 
quoter q; 
const quoter cq; 
cq.Lastquote(); // OK 
//! eq.quote(); // Not OK; non const function 


for(int i = 0; i < 20; i++) 
cout << g.guote() << endl; 


} 


UUHUHUUUUUUUE const i Ul Uu Uu Uu Uu Uu Uu I UU ui Uu ui LU 
UOUU qoto) IU I Ui I iU) const JOUUHUHUHUUHUUUÖUUOUD lastguotel] YU 
LastquoteOQW I LI I Uu UU I i I.) const LI I Ui Il I.) const] O cal] UI I.D 

“lll UU UU const 

JUIUUIUDUDUUDU cosstH DU UU Uu UU uu PU i Uu nu i I ul u UU ui LU 
UUUUUUUY const] O OO const] I I i con] JU I Uu UU uu Uu i I Uu UU 
JUIUDUUUDUUDUUDUUUUD cestillllUlUIOUDODUUDUUUuDnuuunuuuouu 
JUIUDUUDUUDUUUDUDUDDUDUUUUU censdl i UD i i Uu UU Uu UU UI. 
UOUUOUUU const} DI UI Uu Uu Uu U Uu UI Uu Ui.LU 

UNnIUUUNUUUDUUUD'”UUDU cos“ UI UI UUN I UD UU UU); «ris OO 
JUIUUUUUUUUUDUDUUUUUDUUUDUDDUUDDUDDUDUUUU this ODOL 
UUHUUUUUUUUY cosstIJOUHUOUÖUUOUOUOUOUOUOUUOUOUOUOUOOUOUUOUUU 
OLÖHUHUOUUUÖUUOUUUHUDU 
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//: CASTAWAY.CPP -- "Casting away" constness 


class Y { 
int i, j; 

public: 
YO (i = j = 0; } 
void £() const; 


); 


void Y::f() const ( 
//! i++; // Error -- const member function 
((Y*)this)->j++; //OK: cast away const-ness 


} 


main() { 
const Y yy; 
yy.f(); // Actually changes it! 


) 


JUIUUUUUUUnuUuuDnunuUunDununnnuUunuuuUnunnununo 
this[| O consd]l]DDUUUDuUuuuuUununuuunuUluuulnuuuunuuuuno 
JUIUUUDUUUUDUULIUUUUUIUUI Uu Uu Uu Uu UI U3 Uu Uu Uu Uu u nU Ui unwu 
UOUUU mutable] JU UI Uu UI Uu Ui u UI I Ui I I const I I I U I. 


//: MUTABLE.CPP -- The "mutable" keyword 


class Y { 
int 1; 
mutable int j; 
public: 
YO (i = j = 0; } 
void £() const; 


}; 


void Y::f() const { 
//! i++; // Error -- const member function 
j++; // OK: mutable 


} 


main() { 
const Y yy; 
yy-£(); // Actually changes it! 


) 
JUIUDUIUUUDDOUUUDUDUUDUUULD cosi] Di UU I U UU 


744 QOUOUUU 
JUIUDUUNUDUDUU cos lU Uu BU DU UU IU UI Uu ROMIOHOUOÖUOUUU 
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JUIUUUUDUDUDUDUUDUUUDUDUUDUUUDUDUDUUU consth OUUUU — 0 
HUUUOUUUUUUUUUUUUUUUUUUUYS const VUUUUUY consti] OU 
JUIUUUUU muable] I i Uu UU Uu Uu Uu Uu UU UU I UI UU. consti OU 
000 const VUHUUUUUOUUUUUUUUUUUUUO 

1) class{] struct] I LI U3 Uu UU DBUUI Ii Uu UU I UU. 

2UIUNHUUUUUOUUDUUUUODUDUUUUU UUUDUDUUUDUUUUDUU 
JUIUUIUUDnuunu 

JUIDNUIUDUUDDDUcosii i lll lUi i Uu LU Uu UI Uu Uu UI UU UI .LU 
JUIUUUUDUDD ROMDUUUDDUUUUUUDDUUUUU ROMO L 


75 U U L volatile[] 


volatile] O UU const] I I I E.E] volatleW I I] I” IU UI UI Ui ui ui Il l li I Il I. LU 
IDUIuguu'nnuuunuununuuuununununmgn on un volatile] OU 
HOUYUYUUUUUUUUUEUUUU —UUUUUUUUUUUUUUUUUUU U 
IUIuUuuuuunuuuuuuuuuuuuuu'uuuuuuuuuuunuuunuuu 
UOUUUUUY vlailelll I I UU i i Ii Ii Uu iu i iu i ini nn i i BU uluuuuwmunu 
INUUUUUUDDDDDDUDDUDUDUUNUDUU 

OUO constW VUUUUUUUUUUY volatile O EI EI LI I I UU const volatile[] 
IUlnlnuuuuuunnuuuuunnuuunuuunuuuununnnuumnuunnno 
UÖULUUUUUUUU 

//: VOLATILE.CPP -- The volatile keyword 

class comm { 





const volatile unsigned char byte; 
volatile unsigned char flag; 
enum ( bufsize = 100 }; 
unsigned char buf [bufsize] ; 
int index; 
public: 
comm () ; 
void isr() volatile; 
char read(int Index) const; 


); 
comm::comm() : index(0), byte(0), flag(0) () 


// Only a demo; won't actually work 
// As an interrupt service routine: 
void comm::isr() volatile ( 

if (flag) flag = O; 

buf [index++] = byte; 

// Wrap to beginning of buffer: 

if (index >= bufsize) index = 0; 


) 
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char comm: :read (int Index) const { 
if (Index < 0 || Index >= bufsize) 
return 0; 


return buf [Index]; 


) 


main() ( 
volatile comm Port; 
Port.isr(); // OK 
//! Port.read(0); // Not OK; 
// read() not volatile 


) 


UU const] OOGOÖUÖUOUOÖUOUOUUUUODUODUOUUOUOUUUI volatile] O00000 
I] [] volatile[] [] 0 [] volatilel] [U U U U 

OO isrOUUWOUUUUUUOUUUUUUUUUUUUUUUUUUUUOUO' this) 
INnNHHNHUDDDUUUDDDDDDODDDUDISRUDUUUUUUUDDDNHDUDDDDDDUDULD 
issOl] I i i iâ Ui Uu I Uu Uu Uu Ul Ul Ui Ui ui ui Ii I'L 

volatilel] WOU const] OO UI I I YI UI i I I Ui Il I I Ui i Il Il I i i I i i Il Il I. LL 
1000000U000U0000 cvl DOL 
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UUU const] ll Uu UU UU Uu Uu Ul Uu UL lu Uu Uu Uu Uu Uu Uu I Uu UI .LU 
IUUUUDUDUDUDUUUDUUDUDUDUUUDUUUUDnUuHnuuuonuuunoD 
UOUUUUUY const correctness I I UU Ui Uu I UU consd]UPD I UI Uu I Ui 'UJ 

0000 const VOUUOU OUUUUUU O100 VOUOUUUUUUUUUUUO 
JUIUUIUUUDDUNUUUUDDUUDUUUDU consd] VUOUU 


72 an 


LUUIUDUIUDUUUDUU yo ud bird] THOUOUD flyOu UU rockQ{OUUUUUU 
rock] I HU I. UI UU UU I iU. veid* O 0 0O00 void*] OOUUUU bira*l] O |. LU 
HOUUODUY flyood COUUUUUU0UE vod*T OU cC UU UI UU UU "Uu I UU UU 
UOUUOU 

2. VU UU constJUHUHOUÖHOUHOUHOUHOUHUOUHUHUOULD const] O O L 
JUIUUUOUUUDUNUUUUDUUUUUDDD 

3. HU UUUUUUUY const] O const JOUUHUHUOUL const] O const] O O L 
JUIDUUUUUUDUUUUDUDUUUu 

4 JOUUHOUOUUUÖUOUHUUOUUUHUOUUUNOUONUOUUOUOUUOUOUUOOODUU 

5S. 000000 CUC+OU UU UU const DI UU Uu I Uu HU I U I i UU). const] OO 0L 
JUIUUIUUUDDUNUNUDCWUC—HUUDUU 
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c++0 0 CHUÖGOUOUOUUODUOHOOOU CHIHOÖHUOUU COUUUUUUUUUO 
UU 
UCHUUHUUUUUUUUUUUY aar) HUUUOUUUUUUUUUUUUUO 
JIUDIUUUDUUDUUDUUDUUUDDUDUUUUUUUUUUunuuuonuuunoD 
JUIUUUDUDUODUDUUU CALLUOUUUUUUUUUOY RETURNU UUO 
JUIUDIUUUUDUDUUUUDUODNUUUDUUUUUUNUUUUDDDUUUUU 
C--JOUÖUOUÖUUÖUUÖUUÖUUUUOUUOUUODOUN cUu 
JUIUUDUDUUODUUUUUUDUUUUDUUUUUDDDUN cUUluUuUunuuuno 
JUIDUDU onivall lU I Uu Uu BU UU UU Uu Uu Uu UU UI I Uu i. LU 
JUIUDUUUUDUUDUUUDUUUUUDUDUDUUUDDUUDUUDUDUUUL 
UOUOU CHO UUU UO Galine function I Ul UU CH+OUOU0U0UUUUUUUU C++ 
JUIUDUOUUUDDUDUUUUDUOUUUUUUUUuU 


8.1 JOUOUOUUU 


IUDIDlUuDnlunnunnuugUuuHUUUuUUlugnnunnnuuDnunmDnHUHUDUU 
IUDIUDlNUIUUUDUDUUNHUDDUUHDUDUUUUHUDUUDUUDUUNHDDDUDUHUNHDDOL 
NOOD 

HOUUUUUUUUO 

#define f (x) (x+1) 

HOUUUUUUUUOUTOO 

f (1) 

HOUUUUUUUUUUUOUUUUUO 

(x) (x+1) (1) 

HOUUUUUOUUOUUUUU fUUUUUOUUUUUUUUUUUUUOUUUUoUoUo 
HOUUUUUUUUOUOUOUUUUUUUUUO 

f (1) 

HOUUUUUUUUO 

(1 +1) 

HOUUOUOUUUUOUUUUUUUUUUUUUUUUUUUUUOUUUUUoUoUo 
HOO 

HOUUOUOUUUUOUUUUUUUUUUUUUUUUUUUUOUUUUoUoUoUo 
HOOUOGUOUC 


#define floor(x,b) x>=b?0:1 


UUUOUUUUUUUUO 
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if(floor(a&0x0f,0x07)) //... 


UUUUUU 
if(a&0x0f>=0x07 70:1) 


UO SUUUUUPUUUUUUUUUUUUUUUUUUUUUUUUUUUUOo 
UUHUUUUUUUUUUUUUUUUUUUUUUUO 

#define floor(x,b) ((x)>=(b)?0:1) 

IUUnnuuuuuuunnuuuuuuunnuuuuuuuunnuunuunu 
IUlunlunuuuunuumunuunuu>-Unuuuu-UAU-UuUuuunnnuumumwu 
IUUlnuuuuunnuuuuunnugnuuunuuumnuunuwuwu 

IUUnunuuuuuuunnunuuuunuuunnuuuuuuuunnuununuunu 
IUUnlDuuuuuunnnuuuuuuunnuuuuuuunnnuununuuuun 
IUUnlDuumuunuunnnuuuuuuunnuuuuuuunnnuuunuuununD 
UOUUUUUUOL 

IUlDluuunuuunnuunnuuununu 

#define band(x) (((x)>5 && (x)<10) ? (x) : 0) 

IUUUUU'UD'”"UUUUuuUunuUuuuuuunuunuuuUuuuunuuuuuu 
UULUUUUUUOUUOUUUOUOUUUU 

//: MACRO.CPP -- Side effects with macros 

#include <fstream.h> 

#define band(x) (((x)>5 && (x)<10) ? (x) : 0) 





main() { 
ofstream out ("macro.out") ; 
for(int i = 4; 1 < 11; i++) { 
int a = 1; 
out << "a = " << a << endl << '\t'; 
out << "band(++a)=" << band(++a) << endl; 


out << "Nt a =" << a << endl; 


) 
JUIUUUDUDUUUUDUDUUUUUUUDUDUUDUUUununwnu 


a = 4 


a = 5 
band (++a) =8 


a = 6 
band (++a)=9 
a = 9 
a = 7 
band (++a)=10 
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a = 10 
a = 8 
band (++a) =0 
a = 10 
a = 9 
band (++a)=0 
a = ll 
a = 10 
band (++a) =0 
a= 12 


lal 4UUUUUUUUHUUUUUUUUUUUUUUUUUUUUUUUUUd 
JUIUDUIUUUDalUSIUUUDUUDUUDUDUUDUUDUDUUDUDUUDUDUDUDu 
JIUDUUUDUUUUDUUDDUUDDUDUUUUUUUUUUDuUuoDuwuuno 
JUIUDUUUDUUUUDUUDDUUDUDUDUUUUUUUUUUUuuUuuoDunuuno 
UU 

JUUIUUDUUUDUUDUUDUUUUUUUUDUUUDUUUUDUUUUD 
JUUUUUUUUDUUUDUUUDUUUDUUUDUUUUUUUDUUUDUU 
JUUUUUUUUDUUUDUUUDUUUDUUUDUUUUUUUDUUUDUU 
JUIUDUUDDUUUUDUUDUDUDUUUUUDUUDDDUUUUDUUUNU STDIO.H 
UJUpuwcO)l iU lU UL Uu u UU i Uu I Uun UU UU CUUUUUUUUY toupper()U U 
JUIUUUIUDDUUDUDUUUDDUUUDDUD toupper(*pt+) "UOUUUUUUUY 
UU 


ODI 


IUluuuclnnnuuunuuunnnunuunuunnnuuunuununnnuwn 
HOUUUUUUUUUUUUU CHU U0UUUUUUUUUUUUUUUUUUUU 
HOUUUUUUUUUUUUUUUUUUO 

class X { 

int i; 

public: 

#define val (X::i) //Error 
HHUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOUoo 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUE publich O Dl Ll 
HOUUUUUUUUUUUUUUUUUUUO 


8.2 TUUL 


JnuUIc—uIDunnluuluuoDununuUuUugnunuunuuumu”unuuuuouuno 
JUIUUUuUumUununununuguuuu c—UuUunuUununnununuuuuu 
JIUUUUUDUUDUUDUUDUDUUDDUDUUUUUUUUUUunuouuonuuuno 
JUIUDIUOUUUDOUOUUUDUUUUUUDDUUUUUDUUUUDUUU 


[1] 0 Andraw Koenig]] O U U U CU UU UUU UU Addision-Wesley,1989]] TO OUUUUUL 
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JUIUUDUUUDUUUUDUUDUDUDUDUDUDUUDU iinei II UU U UU UU 
JIUUDUUUUUUDUUDUUUDUDUDUDUDUUUUUUUUDnuUUuuuuunob 
JUIUUUOUUUUUDUUUU 


inline int PlusOne(int x); 


JUUUUUDUNUDUDDDUUDUNUUDUDUDUUUDUUUDDDUDDIUUU 
JuUIUUUunD 


inline int PlusOne(int x) ( return ++x ;) 


JUUUUUUUUUUUDUUDUUUDUUUUUDUUUDUDUUDUIUDUUU 
JIUUUUDUDUDUUDUUDDUUDDUDUUUUUUUUDUuUmuuuonuuunoD 
UOUOUUUO 

JUUUUDUUUUUUUUUUDuUuUunununununununnnnu + 
JIUUUDUDUDUODUUUUDDUUDUDUDUUUUDUUUDUDUDuuuoDnuuunoD 
JUIUUUUDUDUDUDUUDUUDUDUUDDUDUUUDUUUUDUUuuuonuuunoD 
JUIUUUDUDUUDDUNUUUUUUUUUUUuDnnunnonunuuuu CALLY OOL 
UUUUU 

UUUOUUHUUUUUUUUUUUU——UOCY static, DHUOUOUUUUUUUUO 
JIUDUUUDUDUUDDUUUUDUDUDUUDUDUUUUUUUUDUUUUuUuno 
JUIUDUDUUUUDUDUD 


8.2.1 HOUOUOUUUOL 


JUIUDUUUDUOUUUUDUUDUUDDDUDUUD intine DUO UUUUUUUUO 
JUIUUUUUUUuUUunnuuuDunuuguunuguugnuuuuuuuuU 


//: INLINE.CPP -- Inlines inside classes 
tinclude <iostream.h> 





class point ( 
int i, jJ, K; 
public: 
point() {i=j=k=0; } 
point (int I, int J, int K) { 
i = 
j =d; 
k = 
bo | 
void print(const char* msg = "") const ( 
if(*msg) cout << msg << endl; 
cout << "i = " << i << Hm. A 
<< "j tagg ee 1, " 


<< "k = " << k << endl; 


main() { 
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point p, q(1,2,3); 
p.print ("value of p"); 
a.print ("value of q"); 


) 


JUIUDUUUUDUDUUDUDUDUUUUUUDUUDUOUUUDUUDDUDUUUL 
JUIUUUUUDUUDUODUUUDUUDDUDUDUDUUUUUUDUUUUuuUuno 
JUUIUUUUDIUDUUUODUUUDUUDDUDUDUDUUUUUUDUuuUUuuuuunob 
JIUUUUUDUUUDUUUDUUDDUDUUDUDUUUUUUUDUuUUuUuuuuno 
UUUHUUUUUUUUO 


8.22 (000 


JUIUUUUUUDUUDUUDDUUUUUDUUDUDUUDUUDUUDUDDUUUUUUULU 
JUIUUUUUDUU—UUDUDUUUUUUUUUDUODUUDDUUDUUDDUDUUUU 
JUIUUUUDUDUUWD 


//: ACCESS.CPP -- Inline access functions 


class access { 
int 1; 

public: 
int read() const { return i; } 
void set(int I) { i = I; } 


); 


main() ( 
access A; 
A.set (100); 


int x = A.read(); 


} 


HOHUUUUUUUEUUUUUUUUUUUUUUUE @rivae ll lUlnnonn 
HOHUUUUUUUUUUUYE @rivateOUUUUUUUUUUUUUUUUOUUO 
HOHOUUUUUUUUUUUUUUUUUOUO readOUUUUUUUUOUS red Oll UU 
HOUOUUUUU tisoOUOUUUUUUU CALLUUUUUUUUUUUUUUUUUUUO 
HOHUUUUUUUUUUUUOUUUUOUO 

UOULUUUUUUUUUUUUUUUUUUUOUU MULD @oblicf O.UUUU0UU 
HOHUUIDUUUUUUUUUUUUUUUUUUUUUU HUDDUNDDUUUL 
HOUOUUOUOUOUUUUUUOUUUUUUUUU wue nt OUUUUUUUOUUUUUd 
HOOHUUUUUUUUUUUYS neadllllilldaeell I i i ii I i i i I Il Il UI. LL 
mtiWOUOUOUOUUUUUUUOUUUUUUUUUUUUUUUUUUUUUUUUUUUO 
HOHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUUUoo 
HOUOUUUUUUUUUUUUOUW 

“[] [] U (accessors)[] U U U (mutators) 

UOULUUUUUUUUUUUUUUUUUOUUOUUUUOUOUOUOUUOUOUOUOUOUOUUU 
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OOÖGOUOUÖHOUÖUOUOUUUOUOUUOUOUOOUOUOUOUOUOOUOOUOUUOUUUOUODOOUUUU 
HUHUUUUUUUUUUUY 


//: RECTANGL.CPP -- Accessors & mutators 





class rectangle { 
int Width, Height; 
public: 
rectangle(int W = 0, int H = 0) 
: Width(W), Height(H) {} 
int width() const ( return Width; ) // Read 
void width(int W) ( Width - W; ) // Set 
int height() const ( return Height; ) // Read 
void height(int H) ( Height - H; ) // Set 
); 


main() ( 
rectangle R(19, 47); 
// Change width & height: 
R.height(2 * R.width()); 
R.width(2 * R.height()); 
) 


IUUUUUUUDDDDDUDDUDUDUDUUDNU DBUDDUUDUDUDGUUUUUNUDUDUUD 
O O Width[] Height] I I Ul UU UI i i uu iu i i iu Ii i I. I LLU 

NUuuuuuuuuuuguguuuuguuuguuuuuguuuuuuuuUuuuuunw 
UULUUUUUUUUUUUUU CUUUUUUUUUUUUUUY Tmell LU 

//: CPPTIME.H -- A simple time class 

#ifndef CPPTIME H_ | 

#define CPPTIME_H_ 

#include <time.h>. 

#include <string.h> 


class Time { 
time_t T; 
tm local; 
char Ascii[26]; 
unsigned char lflag, aflag; 
void updateLocal() { 
if(!lflag) { 
local = *localtime(&T); 
lflag++; 
} 
void updateAscii() { 
if (taflag) { 
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updateLocal () ; 
strcpy (Ascii, asctime(&local)); 
aflag++; | 


} 
public: 
Time() { mark(); } 
void mark() { 
lflag = aflag = 0; 
time (&T) ; 
) 
const char* ascii() ( 
updateAscii(); 
return Ascii; 
) 
// Difference in seconds: 
int delta(Time* dt) const { 
return difftime(T, dt->T); 
) 
int DaylightSavings() ( 
updateLocal(); 
return local.tm isdst; 
} | | 
int DayOfYear() { // Since January 1 
updateLocal(); 
return local.tm yday; 
) 
int DayOfWeek() ( // Since Sunday 
updateLocal () ; 
return local.tm wday; 
) 
int Since1900() { // Years since 1900 
updateLocal(); 
return local.tm year; 
) 
int Month() { // Since January 
updateLocal () ; 
return local.tm mon; 
) 
int DayOfMonth() ( 
updateLocal(); 
return local.tm mday; 
) 
int Hour() ( // Since midight, 24-hour clock 
updateLocal(); 
return local.tm hour; 
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} 


int Minute() { 


updateLocal () ; 


return local.tm min; 


) 


int Second() { 
updateLocal(); 
return local.tm sec; 
} 
}; 


Bendif // CPPTIME H_ 


UU CHUHUHUUUOUUOUUUUUUUE rnmell lu Uu UU Uu Uu Uu I UU Ui. 
JuUUUUdmecTl UU I Ui Ul UU] tm local 0 Ascu) o UU Asci JOUÖUOUHUU 
UOUÖHUHUUUUÖUUOHUL time tQ OOUUU YT updateLocal( )[]. updateAscii( )[] O D 
JUIUumUuunuuuwuu 

JnUuUnmDmakODUlUUUUDUUUUDUDDUUDUODUOUONUUDUUUDUDUUL 
JUIUUIUDUDUDUDUU ASCITOUHOUHUHUDOU asciC)Lll OU updateAscii()l] OOUUU 
ascii(O)ll lll UUW UU UU VU VU UUUUUUUUUUUUOY updateAscaii( )[] O O CL 
JUIUDDUDUUDUDUUUUODUUUDUUUUUuunu 

O O O DaylightSaving( JU O UI I UL I I LI... updatebocal )l] I I Uu HU i i I Ui 
JIUUUUDUDUUUDUDUUDUDUUDUDUDUDUUDUUUUUUUUUuoDuuunob 
JUIUDUUUDUDDDUDUU updatetbocl O) I il UI UL Uu UU UU I Uu I Uu uu iu 
JUIUUUUUUUDUUUDUUDD 

JUIUDUDUDDODUUU 


//: CPPTIME.CPP -- Testing a simple time class 
#include "..\7\cpptime.h" 
#include <iostream.h> 


main() { 
Time start; 
for(int i = 1; i < 1000; i++) { 
cout << i << ' '; | 
if(1410 == 0) cout << endl; 
} 


Time end; 
cout << endl; 


cout << "start = " << start.ascii(); 
cout << "end = " << end.ascii(); | 
cout << "delta = " << end.delta(&start) ; 


} 


UUUOUUUUUY TimefYOUOUUOUUUUUUUUUUUUUUUUYE 20 Timel] O 
JUIUUUUUUUUUUUUDUDUDUUDUDODUUUUUUL 
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8.3 HOUUOUUUUOU 


JUIUNUIUDUUDDUUUUUDUUUUUOUUUDUUUUDUUUUDUUUUDDUD 
JUIUDUUUDUDUUUUUUUDUUDUUDDUUDUDUUUUUUUUUUuuUuUtb 
JIUDUUUDUDUUDUUDUDUUDDUDUUUUUUUUUUuUuuUuDununob 
lUIUUUUUDUDDUDUUUNUUDUOUUUDUDUUUUUUUuu 

JUUUUDUDUDUUUDUUUUUUUUDUuDUuUDUuDUuDnuuunuuuu 
JIUDUUUDUDUUDUUDDUUDDUDUUUUUUUUUUUDuUUHuDUunuuno 
JIUDUUUDUUUDUUDDUUDDDUDUUUUUDUUUUUDUUuUUDUDuno 
JUIUUUUDDDUUDUD 

JUUUDUUDUUUUUDUUDUDUUDUUUUUDUUUUDUUDUUDUU 
JUUUDUDUUDUUDDUUUDUUDDDUUUUDUDUD chi)» UUU LL 
JUIUUIUUUUUUUUDDOD 


83.1 DOOD 


JUIUDUUUUDUUUDUDUDUUUUUDUDUUUUDUUDUDUDDUDUUULU 
JUIUDUODUDUDDUUDUDUDUUUUDUUDUDUDUUDDDUUDDUDUUUU 
JUIUUUDUUUDUUUDUUNUNUDUUUIDUUUUUUUUDUDUUDD 

JUIUDUUUUDOUUUDDUDUUUUUDUDUUUUDUUDUDUDUDUDUUUU 
JUIUDUODUUDUDUUDDUDUUUUDUUDUDUODUUDDUUDDUDUUUU 
JUIUDUUOUUDDUUDDUDUUUUDUUDUUDUUOUUDUDUUDDUDUUUU 
JUIUDUODUUDDUUUDUDUDUUUUDUUDUUDUDUUDDDUUDDUDUUUU 
JUIUDUUDUUDDUUDDUDUUUUDUUDUDUDUUDDUUDUDUDUUUU 
JUIUDUODUUDUDUUDDUDUUUUDUUDUUDUUDUDUDDDUUDDUDUUUU 
JUIUUDUDUUDDUD 

JUIUDUUUUDUDUUDUDUDUUUUUDUDUUUUDUUDUUDUDUDUUUL 
JUUUUUUUUUDUUUUDUUUDUUUDUUUDUUUDUUUDUUUDUU 
UU 

JUIUDUUUUDOUUUDUDUDUUUUUDUUDUUDUDUDUDUDDUDUUUU 
JUIUDUUUUDUUDUDUDUUDUDUUDUUUUDUDUDODUUUUDUUDDDUD— 
JUIUUUUUDDUUL 


8.3.2 QUOC 


JUIUUUDUDUUDUDUUDUDUUUUUUUUDUUDUDUDUDUUUDUUUU 
JUIUUDUUUUDUUDUUDUUDDUUDDDUDUUUUUUUUUUuguuUuoDuonunob 
JUIUUUUUUUUU 


//: EVORDER.CPP -- Inline evaluation order 





class forward ( 
int 1; 
public: 
forward () : i(0) () 
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// Call to undeclared function: 
int £() const { return g() + 1; } 
int g() const { return i; } 


); 


main() ( 
forward F; 
F.f(); 


JuHIUUgsODUUUUUDUUDU fOUUUU sOUUHUUUUUUUUUUUUO 
HUUUUUUOUUUUUUUUUUUUO 

10000 sOUUUUU fOUHUUUUUUUUUUOUUUUUUUUUUUUUO 
UUIUUDUDDIUDUUUUUfOIsOUIUUUUUUUUUUUUUU'UU'UUUDUul 
UOUU0 Ww 


83.3 TOOUUOUUUUUU0UUU0UU 


IUUnnnuuuuuunnuuuuuuunnuuuuuuuunnuumumuunu 
IUuuuunuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuunumnwuu 
IUUnnnuuunuuuunuuunuuunnnuuuuuunnnuunuuunwun 
OUUU 

//: HIDDEN.CPP -- Hidden activites in inlines 


#include <iostream.h> 


class member { 
int i, j, Kk; 


public: 
member (int x = 0) { i=j =k =x; } 
~member() { cout << "~member" << endl; } 


); 


class withMembers { 
member O, R, S; // Have constructors 
int i; | | 
public: | 
withMembers (int I) : i(I) () // Trivial? 
~withMembers () ( 
cout << "-withMembers" << endl; 
} 
E 


main() { 
withMembers WM(1) ; 


} 
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UU withMembers] i Uu Uu G3 Uu nU UU iU iu Uu uu UUN iu Uu UU i uu 
UUUOUUU QUPHSUOUHUUUEUUUUUUUUUUUUUUUUUUUUUUo 
JIUDUUUDUUDUUUUDDUUDDUDUUUUUUUUUUuguuUuuonnuuunob 
UIUUUUUUUUUUUUUUUUUUDuUUUuuUuUuUuuu' OO” OOOO 
JUIUUIUUUDDUUUUUDUDUUUUDUNUUUUDDUUU 


84 JUHUL 


JUIUDUUUUDDUUDUDUDUUUUUDUUDUDUUDUUDUUDUDUDUUUL 
JUIUUUUUUUNUUDUDUDUDanSsasll II UU Uu iu Uu I Uu U83UNI Uu UU Ii uu iu UU 
JUIUUUUUUUUUUUU insiul lU LUN Uu UU UU OUUU) L 
JUIUDUUUDUUDUDUUDDUUDUDUDUUUUUUUUUUUDuUUuDUuUuno 
00UOilind] JUHOHUOÖUÖUUDUU -2.20 0 RECTANGLCPPI] UU 


//: NOINSITU.CPP -- Removing in situ functions 





class rectangle ( 
int Width, Height; 

public: 
rectangle(int W = 0, int H = 0); 
int width() const; // Read 
void width(int W); // Set 
int height() const; // Read 
void height (int H); // Set 


y; 


inline rectangle::rectangle(int W, int H) 
: Width(W), Height(H) ( 


) 


inline int rectangle::width() const ( 
return Width; | 


inline void rectangle::width (int W) { 
Width = W; 


} 


inline int rectangle::height() const { 
return Height; 


) 


inline void rectangle::height (int H) | 
Height = H; 


Chinaspubecom 080 0000 153 





main() ( 

rectangle R(19, 47); 

// Transpose width & height: 
R.height(R.width()); 
R.width(R.height()); 


} 


JUIUUIUDUUUUUUUUUDUDUUUUUUUDUDDDDODLNDUOUU inline] OU 
UHUHUHUUUUUUUYUUUUUUUUUUUUUUUUUeodaeaod au 
JUIUUIUDUUODUUUUUUUDDDDUDDDODUD msitu Ì lU Uu U UU UI. LU 
JIUDUUUDUDUUDUUUDDUDUDUUUDUUUUUUUUUDUuUUuuuuunoD 
UUUOUU in situ |U UUU 


65 TUOUÖUHU 


JIUUUUUDUUDDUDUDUUUUUUUUUUUuUUuDnnDnnmumnou cHU 
JUIUUDUUC—UDDUIUUIUDUU3UUILU UU iu Ul uu Uu Uu Uu Ui Uu IU Uu uu uu ui i'u 
JUIUUUUUUUUuDnunun- GWUUUUUUUUDUDUUUOUDUDDUUUUUUD 
JIUUDUUUDUDUUDUUUDUDUDUUDUDUUUUUUUUgunuuUuuUuuuuunoD 
JUIUUUUUUUDUUDUUUDD 


#define DEBUG(X) cout<<#X "=" << X << endl 


JUIUUUUDUDUDUUUDUDUUUDUUUUDUUDUUDUDDUDUUDUDUUUU 
JUIUUUUUDUU 


#define TRACE(S) cout << ES << endl; S 


#SUOUUUUUUUUU 2ZUSUUUUUUUUUUUUUUUUUUUUUUUO 
HOUUUUUUYE foli OHU 

for (inti = 0 ;1< 100 ; i++) 

TRACE(í(i)) ; 


000 TRACE )UUUUOUUUUUUUUUU fel lU UU Uu UU UU IU. 
JUIUUUunuwnu 


UOUU 


JUIUUDUUUUDUUDUUUDUUUUUDUDUUDUUDDUUDUUDUDUUUU 
JUIUUUUDDUUDD 


#define FIELD(A) char* A## string; int A## size 
class record | | 

FIELD(one); 

FIELD(two); 

FIELD(three); 

IT pes 
yi 


JUIUUFELDOIUUUIUUUUUUUDUUDUUNUUUUDUUDDUODUUUUDDUD 
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JUIUUUUDUDUDUDUUUUDUUDDUDUUUDUUUUUUDUuUDUUuuuuno 
IIUUUUUDUUUDUUUDUUDUDUDUUUDUUUUUUuUuuUUuuuouunob 
UOUUU 


86 TOUUUUL 


UOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOo 
HOUOUUEUUUUU0UN assertQQUOUOUU" UUUU "“UUUOUUEUUUUUUUUUUU 
HOUUUUUUUUUUUUUUUUUUUUUUUUUU VOUUUUUUUUUUO 
IUUUUUDDDDDOD 

IUUUUUDDDDDDUDUDDDUUDNDUN -FILE[] LINE PUUUUUUUUUUU 
UDD UY assertOU OOOD assert Oll I UUUUUUUUUUUUUUUUUUUUUUU 
HOUUUUUUUUUUUUUUUUUUUUUUUUUE aseO)lllllDlDnnu 
OUUU asserttOU OOUUUUUUUUU UO #define NDEBUG[] U M 

UOULUUUUUUUUUUUUUUUUUUUUUUUUUUDD Allege” [] assert 
HOU 

//: ALLEGE.H -- Error checking 

#ifndef ALLEGE H_ 

#define ALLEGE H 

#include <stdio.h> 

#include <stdlib.h> 

#include <assert.h> 





inline void 
allege_error(int val, const char * msg) { 
if(!val) { 
fprintf(stderr, "error: $s\n", msg) ; 
#ifdef NDEBUG 
exit (1); 
#endif 
} 
) 


#define allege(expr, msg) \ 
{ allege error((expr) ? 1 : 0, msg); N 
assert (expr); } 


#define allegemem(expr) \ 
allege(expr, "out of memory") 


#define allegefile(expr) \ 
allege(expr, "could not open file") 


tendif // ALLEGE H_ 


U O allege_erro( JO UU UU UUUUUUUUUUUUUUUUUUS false[] O OL 


CNina=puh.eom 080 0000 155 


UUUOUUE fprintf()ll O iostreams] I UU iu Uu Uu UUN iu UU Uu Uun Uu UU UI UU 
JUIUUUUUDD ext DD OOUÖOUHUDU 

allege()l] O UU U if-then-else] O O 0 OOO expr] UUUUUUU 8 allege_error( )[] O 
UU assert OU lU I Uu UU DI UU assert Ol Ul --UUHUUUUUUUUUUUO 
assert( )O UU UI OL 

allegefile( )[]  allegemen( I] UU U allege DUO Uu HU Uu Lu UI Uu Uu Uu UU U.LU 
JUIUumUuUuDuDguUuUuUnnunuuuoguoguuuguuuuuu 

O0 OOOO ALLEGEH[[] UU U 





//: ERRTEST.CPP -- Testing the allege() macro 
// define NDEBUG // turn off asserts 
#include "..\allege.h" 


#include <fstream.h> 


main() { 
int i = 1; 
allege(i, "value must be nonzero"); 
void* m = malloc(100); 
allegemem(m) ; 
ifstream nofile("nofile.xxx") ; 
allegefile (nofile) ; | | 


} 
JUIUDIUOUUUUDUUDUUDUUUUUDUUUUUDUUU 


//#define NDEBUG // turn off asserts 


UOLÖUUHUHUODOULT allegeOl OO assert OI UI Ul Uu Dl Ui Uu ui Uu UU Uu iL 
UOUUUUUOYE asserto)l] 
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JIUDUUUUDUUDUUUDUUUUUUDUUDUDUUDDUUDUDUDUUUL 
JIUUUUDUDUDUUDUDUUDDUUDDUDUDUUDUUUUUUUDUUUuDUUUuD 
JUUUDUUUUUUUUDUUUDUUUDUUUDUDUDUUDUUDUUUUUDUUDUuU 
JIUUUDUDUUDUUDUUDDUUDDUDUDUUUUUUUUUUUuDuuUunob 
JUIUDDDUUD 

JUIUUDUUUUDUUDUUUDUUUUUDUUDUUDUUDDUUDUDUDUUUU 
JIUUUUDUDUUDUUDUUDDUUDDUDUDUUUUUUUUUDUUuDUuUuno 
UNnIUUNnUUNuu' UUuUUUUUUUDnuunnuw' 


8.8 OU 


LHUDI7AUUUA2AUUUUDDUUUUUUDUUUUDU Print UUW Uu UU I UU i. 
JUIUUUUUDUUL 
2. [00 30 0 NESTFRND.CPPH TUQUUUUOUUUUUUUUUUUUUUUOUO 
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in situ) I 0000D initialize \DOUUUUUUU 

3. 0 00 6&0 NE CPUlIIDUDDDUDUUUDUDUnU Dl UUDUUuU 

4 00000 AUUUUUUUUUUUUUUUUUUUUUU B, UAUUUUUUO 
BNUIUUNUUUBUUUUDUUUUUDUUUBUDUUUDUUDUUUUDDUD 

S. lU au iU Il Ul UI I UI Time I UI Uu Uu Lu U UU Uu UU UI. 
JUIUUUDUDUUDUDUDDUDUDDUUUULD 
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O90 UULU 


OO0OOCOOOOOODOOOOCOOOOOOUOOOOUOOUOOUOUOUUOUULU C++ 
JUIUUIUUUDUUUUUDUUUUUDDUUUDUODUUUUUUUUUDDD 

statici WUUOUUUUUUU" uUuD'”UUUUUDU cUUUUUUUUU CHU00 
1000000 satcC(]0]000000°000000000'00 UU TI UU UU U 
JUIUUUUUDUDDDUUDDUUD 

UUUUUOUUUUUS statici Il uil UL iu ii lUi UU Ul i cU UI UI LU 
JUIUUIUUUDDOUUUUDUDUUUUUDUUUDUUCUHUUUDUUUUDUUUU 


91 IUCUUIUUUUunu 


UCU C++ O statici I lU UU UU Uu UU iu UU I UU Ui i UI Ii Uu ui UU 

>)LUUIUUUUUUUUUUUDUUUUDUDUUUDUOUUUUDUUUUUUUuu 
OUOUHOUHUUUÖUOUHUUOUUUUOUOUUUHUDU 

2luUllI  iUuuUuUuguDnuuuuuUnuDuguUuunnDunuuuu CHLJLUOUU 
JDUDUUD statici I Uu DU UU Uu Uu UU Ii Uu Uu UU U Uu UU UU Uu I Uu UU 
JUIUUUUUDUUDUDUUUUUUUUUUu 

JUIUUDUUseic I IU HU uu UU I U Uu cU I UU UI. LU 


911 JOUHOUOOUUU 


JUIUDUUUUDDUUDUUUDUUUUUDUDUUDUUDUDUUUDUDUDUUUU 
JIUUUDUDUODUUDUUDUDUUDUDUDUUUUUUUUDUUnuguuonnuuuno 
HUUUUUUUUUUY 

JUIUUDUUUUDUUDUUUUDUUUUDUDUUDUDUDDUUDUDUDUUUU 
JUIUUUUDUDDUDDUDUDUUUUUOUUUUUUU cH CU UI Uu II iL 
O0CO statici Ill UUU iU iu uiuUunUUUUDUuuuuUuunuuuuuuuuuuunu 
JUIUUUUDUDUDUDUUUDUUUDDUDUUUUDUUUUDUUuUuuuoDuuunoD 
UUHUOUUUUUUUUUUUUUUO 


//: STATFUN.CPP -- Static vars inside functions 
#include <iostream.h> 
#include "..\allege.h" 


char onechar(const char* string = 0) { 
static const char* s; 
if(string) { 
s = string; 
return *s; 


) 
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else 

allege(s, "un-initialized s"); 
if(*s == 'Ay0') 

return 0; 


return *S++; 


) 
char* a = "abcdefghijklmnopgrstuvwxyz"; 


main() ( 
// Onechar(); // causes allege() 
onechar(a); // Initializes s to a 
char c; 
while((c = onechar()) != 0) 
cout << c << endl; 
| 
static char* s[] [] O enecharOl VUUVUUUUUUUUVUUUUUUUUUUUUUU 
HOUUUUUUUUUUEUUUUUUUUUUUUUO onecharQOQU I I UI i Ui Ui sU DU. 
HOUUUUUUUUUUUUUUUY onechar O II UI Uu UI iU i iu ui Ii Ii i I OLU 
string] I I UI Fi Ui iu TU» I Ui uu uu su ni Ui Uu iu ui ui iu uil Uunuununue—unD 
IUUlnnuuuununnuuuuunnumuuuunnuuunuunnuwuwu 
UOUUUUUU onecharOUUUUUUU shdUillu iiu iil Ul Unnnnnuuu 
IsDUlUuUnunuun 


static char* s=0[] 


JUIUDUUUUDUUUDUDUDUUUUUDUUDUUUUDUUDUDUDUDUDUUULU 
JUUIUDUUDDUDUUDUOUDUDDDUDDDD onechar O I UUUOUUUUUU sU UI. LU 
JumIUUUUDifeOl lll Uu UI UU I. 

JnUsIUi lUUIUDUuUununuDUUuSuuSDununnuuuuuuuuwununu 
JUIUUIUUUUDUUUUUDUUUUUDUUUDDUDUUUUUDUUU 

LIUUUUUUUUU 

JUnIUIUUDUUUUUUDUUUDUUUDUUUDUUUUUNUUUUNUUUUUUU 
JnIUUUUUUUDUDDUUUUUUDUUUUUUDUDUUUUUUDUUDUUDUL 
JUIUUDUUUUUUUUDUUUUUUUUUUDUDUUUUuUDUungunnuouu 


//: FUNOBJ.CPP -- Static objects in functions 
#include <iostream.h> 


class X { 


int i; 


public: 
X(int I = 0) : i(I) () // Default 
-X() ( cout << "X::-X()" << endl; ) 
bi | 
void f() { 


static X x1(47); 
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static X x2; // Default constructor required 


} 





main() { 
£(); 

) 

HOUUPUUUUUUUUUXUUUUUUUUUUUUUUUUUUUUUUUUUOo 
IDuUnununununuuununuuuunnununuuuuunuuuunuuunununun 

20UUUUUUUU 

HUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoo 
UmanQOUOUUUUUUUUUEUCUUextOU UI I UL Uu I i Ui I i Ui LU LI main O UI I I. 
UUOUD extod I I i i iu DU Uu i UI Uu DU Uu DU UI I i exisOl UI UI I UU Uu UI Uu T1 i I UI. LU 
HUOUUUUUUUUUUUCUU UabotQV il i i i i Il i Ui IU i Uu i Uu i UI i LL 

UOUUUUU CL UL atexitOU I UU UU OU Ll main O OOD exitOll OUUU 
HOUUGUUUUUU maingi UU exitOll OU U atexitOU DU UI Uu BU iu Uu Di Uu iU Uu I.D 
HOUUUU 

IUnlnluUuuunnuuunnuuunnunununumuunnnununnunununu 
INnlUluuunnuuuunnuuunnununnununuumuunnunnnumwnun 
lll mano] I I i i Ii Ii Ii i i i i ui i lì Ii i iu iu I i i i i Lu i i Il Il i Ui LL 
Innuuunnuuulnuumunnuuunnunuunnunnnuuunnunuwnn 
HOUUUUUUUUUO 

//: STATDEST.CPP -- Static object destructors 


#include <fstream.h> 
ofstream out ("statdest.out"); // Trace file 


class obj { 
char c; // Identifier 


public: 
obj (char C) : c(C) | 
out << "obj::obj() for " << c << endl; 
) 
-obj () { 


out << "obj::~obj() for " << c << endl; 


} 
£ 


obj A('A'); // Global (static storage) 
// Constructor & destructor always called 


void £() | 
static obj B('B'); 


} 


void g() { 
static obj C('C'); 
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m I 0) 


) 





main() { | 
out << "inside main()" << endl; 
f(); // Calls static constructor for B 
// 90 not called | | 


out << "leaving main()" << endl; 


Uo] UU ic I Uu Uu DU Uu DU I Uu UU Uu U< U3 Uu Uu Uu Uu Uu Uu II 
UOULUHAGLUODOUU DU JOUÖHOUOUÖUUOUUUU FL LI main O LI UI FU I UI i i I I LFO 
HOUUUUUoh}DUUBUUUSOUUUUUUUCUUUUUUUUUUUUUUUUUUUU 

HUHUUUUUUUUUUUUUUUUUU mamOQU UUUU fou UU UI IU UI Ui UL 

obj::obj() for A 

inside main () 

obj::obj() for B 

leaving main() 

obj::-obj() for B 


obj::-obj() for A 


UO AUHUUUUUUU main O UUUOUUUUUU BU I UL Ii Uu Ui I foOuUUUUU 
UUUU manOV VUUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUU 
10000 sOuUUUUUU BUCUHUUOUUUUUUUUUYE solk foU OL 

UUUUUY ofstream O O eud] UU UU i Uu UU I UI UI. extera I I UU UI. LU) 
JUIUUUDUUUUUUDUUU oel UU Uu UU uu Uu UU UU Uu UU Uu Uu UU Uu UU 
UOUUUUUO 

UCtH+HH UOUOUUUUUUUUUU man OI UU UU UU UU UU iu Uu UN Uu ui .LU 
UlmanOllUlUUUUUuuUuuUuuuunuDuDnnDnnDnuUn mainot UI UI I.D 
EEF EL OD dd I HEH E E EEE e E E IEEE A E A e E E 


91.2 (000 


JUIUDUUUUDUUUDUDUDUUUUUDUDUUUDUDUUDDUDDUDUUUU 
JUIUDUODUUDDUUDDUDUUUUDUUDUDUDODUUDDDUUDDUDUUUU 
JUIUUUUUUUUUUUDUUDUUUDUDDDUDDUDD 

JUIUDUUUUDUDUUDUDUDUUUUUDUDUUUUDUUDUDDUDUUULU 
JUIUUDUODUUDUDUUDUDUDUUUUDUUDUDUDODUUDDUUDDUDUUUU 
JUIUUUUUUDUUDUUDUUDD 

UOLÖUUHUOUUOUUOUOHUL sac Il Ul UL i UL iu Uu Uu UU UU Uu UI UU. 
JUIDUUUUUU. cPUDUUUUUDUDUUDunuDnunuDnunuUunnnununo 
HUHUUHUUUUUUUUUUUUUUUUUUUUUO 

JUIUUUUDUDUUDUDUDUDUUUDUUUUDUUDUUDUUDUDUUDUDUUUL 
UOÖLOUUÖUUÖUUHUUHUUODUOUUUUO inline fonction ll Uu UU UU UU U.U 
JUIUUUUUUUDCc—uUUUUUUUDDUDUUUUCcCUUU UU UL UU UL UU UU. 
JnUUDODUAIUUUUDUUUUUUUUUUUUUUUUUUDUUU 
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“I I LI Ll 

HOUUUUY statici I I UI FU I Uu ni iU Pi ui EU Ii Ui uu i li ui i i i I i Ii I I i LL 
IDluUunuunuunnnun 

int a=0; 
Uall I i Uu ii UI Ii i i I UI I LI main O LI I i Ual I Fi Uu Fi I iu i I I ad Ui UI I I LU 
IDluuuunuunnunuunnmnnnnoseicl I I UI I I. i i I LI LID Ll. externi 0 
IUunuununuunuununnnuunnuunuunuunnnuunuununn 


extern int a=0; 


UOUÖUUUD: 

static int a=0; 
0000000020000000 OOOOOOOOOOOOOOO0O000 —00000 
HOUUUUUUUUUL static[][ O externg] 

ULLOUUÖUOOOL statici OU UUUUUUUUUUUO externi O 0O00 UUL 
HOUUUUUUUUO 

HOU YU static exten] I I I Ui UU I i uu 1 Ii UI. 


extern void f()[] 


UnIDUHUIUUDDUUUUDUD 
void f()[] 


UUUUU 


static void f()[] 


UIUIUUfOnuuuuUunuuuuunuuuugununuununon 
913 ODO000000000 


UUUUU sac] exxenlll] UU Ul iU Uu iu u Uu UI Uni ui uuUugDuuouDuuuu 
JUDawolllllUlUDUDUunluuuuuuuuunununuSuuuSuuuoDuouunoD 
JUIDUIUOUUIUUUDUDDOUUUUUDDDDUODL auto] VUUOUUUUUE register O 
IUUUUUDUDUUDUUDUDUUDUDUDUUUUDUUUUDUunuguuoDuuunob 
JUIUUUUDUDUDUDUUDUUDUUDDUDUUUUDUUUUuDnUunuuuonuuunob 
JUIUUIUOUUUUDUNUUUUDDUUUUUDUUUUDUDD register] I I UI UI LU 
UOUOUUUOHY registed Ill UU i Uu Uu Uu i Uu Ud Uu ui iu I UI UU 


9.2 OUUL 


JUIUUUDUDUDUUDUDUUUDUUUUDUUDUUDUDUUDDUUDUDUUUU 
OOOO staicQ I UU Uu Uu Uu Uu UU Uu UUUu Uu u uu Uu Uu Uu iu UU i i i UU U Ui .LU 
JUIUUIUUUIUDUUUUUUUUUUUUUUDUUUUDUUUUDDUUUUDUuuuu 
JUIUUIUUUUUDUDUUUUDDUUUUUUUUNUUUUDDDUL vpedefl JUUDI 
UOUUOUWUUUUUUUUUUUUO 

UUUOUUCHOUUUUUOUUUUOUUUUUUUUUUUUUUUUUUUUUUo 
UWUUUUUUUEUUUUUUUUUUUUUUUUUUUUUUUE elass,struct,enum 
Uunonl]lllUUIU Uu UU Ui Uu iu nu Ii iU uu OUUU 
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[ namespace] WUHUUUUUUUUUUUUY 
921 JUDDHIDUDL 
JUIUUUUDUUDUDDDUDUDUUUD 


namespace MyLib ( 





// Declarations 


HOUUUUUUUUUUUUUUUUUUUUUE namespacel] class[] struct[] union 
enum] JJ] i UI I IL 
l)namespacel]l] ll Ul UI I Ui i i Ul I iu ui I Ŵ. Uu Il I LU 
2) [] namespacel] I I I I i i Uu Ui Ii i i u 3i UU Ui Ii Ii IL 
3) U namespace I I I I Ui i Ui Ui i iu ui IL iu UU ui ui ui ui uii iniumunuuu 
//: HEADER1.H 
namespace MyLib ( 
extern int X; 
void f(); 
PF as 
} 


//: HEADER2.H 

// Add more names to MyLib 

namespace MyLib { // NOT a redefinition! 
extern int Y; | 
void g(); 
iP nas 

) 


4) O 0 namespace] WU UU UUUUUUUUUUUUUUUUUUUUUUUUUO 
HUUOUUUUUUO 


namespace BobsSuperDuperLibrary { 


class widget { /* ... */ }; 
class poppit { /* ... */ ); 
JI era 


) 
// Too much to type! I'll alias it: 
namespace Bob - BobsSuperDuperLibrary; 


»UUIUUUUUUUUDUUUUUUUUDUU 
LHUDDUUDD 
JUIUUDDUUDDUNOUDNUOUUDUDU—Unamespael] II I I Ui ui UU u 


namespace ( 


class arm { /* ... */ }; 
class leg { /* ... */ }; 
class head { /* ... */ }; 


class robot { 
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arm Arm[4]; 
leg Leg[16]; 
head Head[3] ; 
// --. 

) Xanthan; 

int i, j, Kk; 


) 


HOUUOUOUUUUOUUUUUUUUUUUUUUUUUUUUOUUUUUoUoUo 
INUDDUIUHUDDUUUUHUDUUNHDDDUNUDDUDDUDDHDDDDDD static] OU 
HOUOUUUCUUUUO 

2.00 

HOUUUUUUUUUUUUUOUUOS friend UU 

namespace me { 


class us { 
(Pon 
friend you(); 
); 
) 


UOUU yoo] I I U UI mel I U I I.D 
922 (UOHOOU 


UUUunnnuuuuuuunnuuuuunuuunnuuuunuuunnnuuwmuu 
O usingl] O UU 
1.0000 
UÖGLUUOUUUUUUUUUUUOUUOUUOUOUUOUUUOUOUUOUOUUUOUOUUUI 
UU 
namespace X { 
class Y { 
static int 1; 
public: 
void £(); 
ka 
class Z; 
void foo(); 


) 
int X::Y::i = 9; 


class X::Z ( 
int u, V, W; 
public: 
Z(int I); 
int g(); 


); 
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X::Z::Z(int I) (u =v=w=1; } 
int X::Z::g() { return u = v = w = 0; } 


void X::foo() { 
X::Z a(l); 
a.g(); 

} 


HOUUUUUUUUUUUUUUUUO 

2. using[] [] 

O using ll I UI Uu i i Ii Uu BU i u IIUui Lu U4GUDI Ui ili ii i lll ul Ul i 
UU OÜ usingl] namespacel] OO I I I i I I.) using O OO using] I Ui Uu UU UI I UI. 
IUUUUUUDDODDDDUDDDUDUDUUDUDUUUUUUUDDDDDULD 


namespace math { 
enum sign ( positive, negative ); 
class integer { 
int i; 
sign 8; 
public: 
integer (int I = 0) 
2 (IL) 
s(i >= 0 ? positive : negative) 
() 
sign Sign() ( return s; } 
void Sign(sign S) { s = S; } 
HATE 
); 
integer A, B, C; | 
integer divide(integer, integer); 
AM 
) 


HUUHUUUUUUU mathQYOUOUUUUUUUUUUUUUUUUUO 


void arithmetic() { 
using namespace math; 
integer X; 
X.Sign (positive) ; 

} 


UUUUumgf UUUUUUUUUUUUUUUUUUUUO 
using HUHUUUUUUUUUUUUUUUUY eine JOHLUÖHOUÖUUUUUUU 
UU using] I I Ui U3 UU Uu I Ui UI UI using I i Uu UU Uu UU Ii Uu I Ui u Uu aU Il Uu i LU 


O Ga EO 
void a() { 
using namespace math; 
integer A; // Hides math::A; 
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A.Sign (negative) ; 
math: :A.Sign (positive) ; 
} 


UUUUUUUUUY 


namespace calculation { 
class integer {}; 
integer divide(integer, integer) ; 
Il ssa 
} 
UOUUUUUU using O0OUOUOUOUOUOUUOUUOUOOUUOUUOUUUUUUOUUULULU 


HUY using I I I LU 


void s() ( 
using namespace math; 
using namespace calculation; 
// Everything’s ok until: 
divide(1, 2); // Ambiguity 
) 
100000U0U0U0U0U0U0U UL using OOOUOUOUODOUOUODOUOUUOUOUOUUUUDL 
3. using[] L 
HOU using] OUUOUUUUUCUUUUUUUUUUOUUU using lU UI I Ii I. 
IUIDDUIUHUDUDUODDUUUDUDUDUUODUDUOUUUUUDUODUUDUUHUODUUD 


HOUUUUUU using OOU 


namespace U | 
void f(); 
void g(); 


namespace V { 
void £(); 
void g(); 


} 


void func() { 
using namespace U; // Using directive 
using V::f; // Using declaration 
f(); // Calls V::f(); 
U::f(); // Must fully gualify to call 


} 


using] O0 OUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
HHUHUUUUUUUUUUUUUUUUY esinel UU UU Uu Uu Ui uu 8 UI Ui Uu I Ui Ui. 

UOUU uingl lU IU Uu UU UU 3 UI UU Ul UU. using OOUUUUUUUUUO 
OO uingll ll Uu UU U3UU Uu UU Uu Uu Uu Uu Uun iu UU ui Lu Uu UU UU OU 
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JUIUUIUUUUDUUUUUUUUUUUUUUUDDOD 
using] TO BU UOUUUUUUUUUUUUUUUUUUUUUUO 


namespace Q { 





using U::f; 
using V::g; 
(PF küs 

) 


void m() ( 
using namespace O; 
f(); // calls U::f(); 
g(); // calls V::g(); 


} 


UU using VHHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
JUIUUUDUDUDUUUUDUUDUDUUDDUDUDUDUUDUU wnel] JOUOUUUHU 
JUIUUIUUUDDOD 


9.3 C++) 00000 


JUIUDUUUUDDUDDUDUUUUDUDUDUDUUD CUUUUUUDUUUDUU 
JIUDHUHOUUDUDUUDDUDUUUUDUUDUDUOUUDUDUUDDUDUUUU 
JUIUDUOUOUUDDUUDUDUDUUUUDUUDUUDUODUUDDUUDDUDUUUU 
HUUHUUUUUUUUUOUUUUUUUUUUUO 

JUIUDUUUUDDUUUDUDUDUUUUUDUDUUUUDUUDUDUDUDUDUUULU 
JUIUUDUUOUDUDUDUUDDUDUUUUDUUDUUDUUDUUDUDUUDDUDUUUU 
JUUUUUDUUUDUUDDUDUUDUUUUUDUDUUDUUUDUUUDUDUUWDU 
UOUUU UO public O O O OO private] O O U UU YU protected] O O0 0 OL 


931 JUUDUDDDUDL 


INnlnluUuuunnuuunnuuuununumuunnununnuumuunnnunuwnn 
IBnlnluuunnuununnuuunnununnunuunnununnunnnnmuwnun 
IUlnuuunlnuunnuunnuuunuununununununun 

INnlnluUuuunnuuunnuuuunnunumuunnununnuumuunnununn 
IUlUuunnuuunnuunnuunnuunnununnunununn 

class A { 

static int 1; 
public: 
FT sax 
); 


HOUUUUUUUU 


int A::i-1; 


JUIUUIUUUUDUUUUDDDUUUU 
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int i=1; 


HUYHUUUUUUUUUUUUUUU WU 
JuUUAguUlDlUUUDDUUUUDUUUDDUUUDUDUUDUUUDDUDUUUUL 
JIUUDUUUUDUDUUDUUUDUUUDUUUDUUUUUUUUUDUuUUuUuuuunoD 
JIUDUOUUDUUODUUDUUUDUDUDUUDUDUUUUUUUUDUUUDUUUD 
“=  JUUIUDUUUUUUUUUDUUUUUUUUUDUUUUUU— -UUNHIUUUDL 
JIUUUUUDUDUUDUUUDUDUDUUUDUUUUUUUUUDUUUuUuuuuno 
JUIUUUUUDUUUUUDDUDDDUUUUWD 
JUIUUUUDUDUUUDUDUDUDUUUUUUDUUUUL 


//: STATINIT.CPP -- Scope of static initializer 
#include <iostream.h> 


int x = 100; 
class withStatic ( 


static int x; 


static int y; 


public: 
void print() const ( 
cout << "withStatic::x = " << x << endl; 
cout << "withStatic::y = " << y << endl; 


bi 


int withStatic::x = 1; 
int withStatic::y = x + 1; 
// WithStatic::x NOT ::x 


main() { 
withStatic WS; 
WS .print (); 


} 


|] O U withStatic::[] [U O O withStaticl]lllllllllllllllllUU 

L00000 

OOOOOOOOUOOUOUUOOOOUOUOUOUUUUOUOUOUOUOUUUUULULU 
HOOHUOUUUUUUUUUUUUUUO 


//: STATARRY.CPP -- Initializing static arrays 


class Values { 
static const int size; 
static const float table[4]; 
static char letters[10]; 


i 
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const int Values::size = 100; 


const float Values::table[4] = { 
1.1, 2.2, 3.3, 4.4 


bi 


char Values::letters[10] = { 
‘al, 'b', tal, 'd', 'e', 
ES, ‘G's hl ; "i", 48 le 


); 


main() () 


INUUUUDDuUuuuungnuUDnuuuuunuuUUDnuuuunuunnuununmuuno 
UIDUuUguuuuuuuuuUUUUUuuuuuuunnnnnnnnDDHUUDUDUUDUUDL 
UIUuuuuuuuuuuUuUUUuuUuuuuuuunnnnnnnnnnnnUDUDUUDUUD 
UOUUUU 

20UUUUUUUU 

UIN-unuuuuuguuuuuuuuuUuUUuUuUuuuUuuuuunnnnnnnnnnnno 
IUUUDUUHUDUDUUDUUDDUDUUHUDUUUDUDUUDUDUDDDUUDUDUDDUNUDUL 
'enumhack [lll UI UUUUU0UUUUUU 

INUuuuUUUDUUUUUUUUUUUUUUUUUUUDUUUDUUUUDUDHUDNUUDUL 
INUNUguUDnUluuunnuUnuuuunnuncnuuunnnuuUDUuuunumuwuno 
IUUUUUUDDUNUUDUUDUDHUDUDUDUDDUNUUDUUDUUDUDDDUUL 
UOUUU 

class X { 
static const int size; 
int array[size]; 
public: 
[I sas 
); 


const int X::size - 100; // definition 

IUDIDUIUDUDUIUDDDUUDDDUDDUUDUDUUDDDUDUUDUDUUDUL 
HOOUUUUUUUUUUUUUUUUUUUUUUUUWUUUUUUUOUUUUoo 
IUUDIDIDIDUUDUDUUODUIUODDUDDUODODUDUDUUDUDUDUUDDUUDUDUL 


UIUUDUDUUDUUUUUUUUUUUUUDUDUUUDUUUDUUDUU enum Q 
HUUUOUUUUO 


932 TOOUUUO 


JUIUDUOUOUUUUDUDUDDUUUUUDUDUUUUDUUDUUDUDUDUUUUUUUU 
JUIUn-—UUuUnunnouuuunuDuuuunuDnuuunuDnnDuuwunu 
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HOUUUUUODUOUO 
//: LOCAL.CPP -- Static members & local classes 
tinclude <iostream.h> 





// Nested class CAN have static data members: 
class outer { 
class inner { 
static int i; // OK 
E 
bi 


int outer::inner::i = 47; 


// Local class cannot have static data members: 
void £() { 
class foo { 
public: 
//! static int i; // Error 
// (how would you define i?) 
) x; | 


} 
main() {} 


JUIUUDUDUUDUUDDUUDUUUUUUUUDUUDUUDUDUDUUUDUUUU 
JUIUDUUUUDDUUDUDUUDDULU 


9.33 JUHOUOUU 


JUIUDUUUUDUDUDUDUDUUUUUDUDUUDUDUDUDUDDUDUUUL 
JUUIUDUUUUUUDDUUDUUUDUUUDUDUUDUUDUUDUUUUUUUDu 
JUIUUUUDUUDUUDUDUDUUUUOUUUDUUUUUUUUUuUuDnunwnu 

JUIUUDUUUUDUUDUDUDUUUUUDUDUDUDUUDUUDUDDUDUUUL 
JUIUDUUDUUDUUDUDDUUDU thisoUOUUUUUUUUUUUUUUUUUUO 
JUIUUDD teslllUUUl UU Uu U3 Ui Uu uu UU Uu i UU Uu IU iu Uu uu uu u Uu Uu 
JUIUUDUUUDDUDUDUUUDU es 00090 Uu UU iU iu u uu Uu i i Ui UU 
UU 

0 statici UL UU UI Uu UL UU UU uu Uu U Uun Uu GU UU Uu Uu UU uu UU UU UI LU 
JUIUUUUDUDDUUUDUDUDDUUUUUUUUUU 

JUIUUUUDUUDUUDUDUDUUUUUUUUUUuDu 


//: SFUNC.CPP -- Static member functions 


class X ( 
int i; 
static int j; 
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public: 
X(int I = 0) : i(1) ( 
// Non-static member function can access 
// Static member function or data: 
j = i; 
) 
int val() const ( return i; ) 
static int incr() ( 
//! i++; // Error: static member function 
// Cannot access non-static member data 
return ++j; 
) 
static int f() { 
//! val(); // Error: static member function 
// Cannot access non-static member function 
return incr(); // OK -- calls static 
) 
ji 


int X::j = 0; 


main () { 
A X; 
X* xp = &x; 
x.f(); 
xp->f(); 
X::f(); // Only works with static members 


) 


UULUUOUUUDOD ul JUUUUUUUUUUUUUUOUOUOUOOUOUOUUUI 
UOULUÖUUOUUUUOUUL this UW 

HOU mano VUUUUUUUUUUUUUUUUUUUUUUUUUUUUUO0 
UUUnnnuuuuuuunuuuuuuunnnuuuuuuunnuunuuuunurn 
IUUlnuuuuuunnuwuwu 

IUUnnnuumuuuunnunuuuuuuunuuuuuuuunnuuuuwuu 
IUUnUuuuuulnuuumuuunnuuuuunnuumnununnnu esed DI UL 
HUUHUUUUUUUUUUUUUUUUUUUUUUUUUG ess! UU 

//: SELFMEM.CPP -- Static member of same type 

// Ensures only one object of this type exists. 

// Also referred to as a "singleton" pattern. 


tinclude <iostream.h> 


class egg ( 
static egg E; 
int 1; 
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egg(int I) : i(I) () 

public: 
static egg* instance() { return &E; ) 
int val() ( retum i; ) 


); 
egg egg::E(47); 


main() ( 
//! egg x(1); // error -- can't create an egg 
// You can access the single instance: 


cout << egg::instance()->val() << endl; 


) 


EIDUUUUUUDUUDUUDUUUUDUUUUUDUDUUUDUUUUDUUDUU 
UUUU 


94 HOUUUUUUUL 


HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOo 
HOUUUUUUUUUUUUUUUUUUUO 

HOUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOo 
IUUnDuumuunuuunnnuuuuuuunnuunuuuunnuumunuuunn 
UOUUUUUUUUUUW 

// first file 

#include <fstream.h> 


ofstream out ("out.txt") ; 


HOHHUUUUUUUUODUUUUUUUY otf U0 
// second file 


#include <fstream.h> 
extern ofstream out; 
class oof { 
public: 

oof() { out << "barf"; } 
} OOF; 


IUluUIunuuunuuunuunuunnuuunuunumununuunuunununnnunun 
HUHUUUUUUUUUUUUUUUU off ll UDD owl I I UI I I ouh UUU LU 
IUlUuUUuuuuunuunnununuunuununununnnununnumbn maingi HU 
HUUUUUUUUUUUUUUUUO 
HARM"(TTOOUOUOUUUUUUUUUUUUUUUUO 
extern int y; 


int x = y + 1; 


[1] The Annotated C++ Reference Manual,Bjarne Stroustrup[] Margaret Ellis[] [] 1990[] [] pp.20-21[] 


172 sant China=buh.eoM 
0 


UOUOUUUO 


extern int x; 





int y= x + 1; 


JUIUDUUUDUUDUUUDDUUUUUUUUDUUUDUUDUDUUUDUUUnu 
UOULÖHUHUOUUUOUOUL fsreemou] ll UliIUUUUU Uu Uu i iu uu iu o 
JUIUUDUOUDUUDUUDUUDUUDUUUUUUUDUDUUOUUDDUUUDDUDUUUU 
JUIUUUUUUDUUUyYUUUDUUDUUDnnuDu-UDiuUUyDUUUUUU 200004 
HOUUUUUUUUUUU xUUUUUUUU yOUUUU WUUxuududd 20 

JUIUUUUDUDDUDUDDUUDDDUUUUDUOUUUDUUUUUDUDUDUUUWD 
JUIUUUUUUDUUUUDUUDUDUUDUUUDUDUUUUUDUODUUUUUUUDUU 


0O OL 


JUIUUUNUIUUDUUULU 

>LUNUIIUUUDUUUUUUUDUUUDUUUUUUDUUOLU 

2UuuuUunuDguDguUDUuUDUunDUuu”UuUDuoSuoSununuuuuuuuuunu 
JUIUDUUUIDDOUUUUDUUDUUUDDD 

3>UUUUUUNUOUOUUUUUUUUUUUUUUDUDUUDUDDUDUUUUUUL 
OUOLHOUÖHUHÖUUUUOUUOUUOUUUUOUDUD Jerry Schwarzi O [] iostream O UU 
cin,cout[] cer] lU UI Uu U3 Uu 8BU i UU uu iu iu 

JUUDUUDUUUUUDUUDUUDUUDUUUUUDUUUUDUUDUUUU 
JUIUUIUUUDUULU 


//: DEPEND.H -- Static initialization technigue 
#ifndef DEPEND H_ 

define DEPEND H_ 

“include <iostream.h> 

extern int x; // Delarations, not definitions 
extern int y; 


class initializer { 
static int init count; 
public: 
initializer() { 
cout << "initializer()" << endl; 
// Initialize first time only = 
if (init count++ == 0) { 
cout << "performing initialization" 
<< endl; o 
100; 
200; 


y 
) 
) 


~initializer() { 


cout << "-initializer()" << endl; 
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// Clean up last time only 
if(--init count == 0) { 
cout << "performing cleanup" << endl; 
// Any necessary cleanup here 
} | 

) 
); 


// The following creates one object in each 
// file where DEPEND.H is included, but that 
// object is only visible within that file: 


static initializer init; 


Bendif // DEPEND H_ 


XJyYJUUUUUUUUUUUUUUUUUUUUUUUUUUUUYS initializer init [] 
UuUuuuuuuuuuuuuuuUuuUUuuuuuunnnnnn static! I UI I i UI Il I. LU 
UOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUa 
UOUUUUUUUUU 

UOUOGUUU xd yll init_count] O O O LU 

//: DEPDEFS.CPP -- Definitions for DEPEND.H 

#include "depend.h" 

// Static initialization will force 

// ali therë values to zero: | 

int x; 

int y; 

int initializer::init count; 


JUIUDDOUOUUUUiil DDU UU UU Uu DS I Uu Uu Ui Uu UU i Uu UU UI Uu i. L 
UU 


//: DEPEND.CPP -- Static initialization 
#include "depend.h" 


|] 


//: DEPEND2.CPP -- Static initialization 
tinclude "depend.h" 


main() ( 
cout << "inside main()" << endl; 
cout << "leaving main()" << endl; © 


) 


JUIUUDUUUUUDDUUDUDUUUDUDUUDU DEPENDHUIIUUDUUDUUOU 
init_count] Il UU 3 Uu BU UI Uu UU UU UU Uun iu iu 8 u UU UI UU UI .LU 
JUIUUDUDIDUUUUUUUUUUUDUUUDUUUUDUDDUUDUU -initializerO|] L 
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HUOUUUUUY 
JUlUUUuunuununuuUununuuuuunuuUuununuunuumu 
initializer] JO UO Uun UU UUUUUUUUUUUUUUUUUUUUUUUUUUo 
JUIUUIUDUDODUUUUUUUUUDUDDDUDUUD iniiadizer Ol OUOUUUUUU 
OUOUHOUHUUÖUUHUUUUUHUOUUUL cU UU 8 newll delete] [] 120 0 00L 


95 ÜUÖHUHULU 
00 C-FLOCOUOUOCUÖHOUOUUOUHCIONOUUÖUOUOUOUUOUOHOUOUOD COU 


float f(int a,char b); 


CHU UOUUUUUUUUUUSE fint int) UU Uu UU UU UU I Uu UU iL 
UWJUUU COHUUUUUUUUUUUUUUUUUUUUUUUY HU UUUUUOUUo 
10000 C+ fu UUUU0 

CHUOUUUUEUUUUUUUUUUUUY exteri OO UU LIU externi O 00O L 
JUUIUUUUUUDUDUUUUUUUUUUDUUUUDDOD 


extern "C" float f(int a,char b); 


1000000 fouciuuuuuuuuUuuuunuuuuuunnumnn” c”) 
“C++” JOOUOUUUOUUUOUUOUOUOUUUOUUUUOUUOUUIU 
UOUHUUUUUUUUUUUUUUUUUUUUUUUUO 
extern "C" { | 
float f(int a, char b); . 
double d(int a, char b); 


) 
UOUUUUO 


extern "c" { 





#include "myheader.h" 


} 


Juc—HUIDUIUDUUUDUDUDUUDUUUDUDUDU COC+U00U0U0U 
UUUUUU 

HOUOUOU C++000° Cc 0° c+” IUUIUUUUUUUUUUUUUUUUUL 
UUUOUUUUO 


9.6 ULU 


static] ll IU LU UU Uu uu UU Uu Uu Uu Uu LU UI Uu Uu U Uu I Uu UL 
JUN 

Jnc-UUlNUIuDuUUDUnUUUunuuUUunuuUnunuunuUunuununuUnu 

JUIUUDDDUDseaic]l I UU UU IIu Uu U3 Uu Uu Uu Uu "UU Uu Uu UU Uu UU i UU U.U 
JnIUNUIUUUDDODUUUUDDOUUUUUUUUUDUOUOUUUUUDUUOU 


S7 OH 
LUDUIUUUUDDOUUUUUUUUUUDDUUUUUUUUUUDUDUUDDD 
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constint TUT UO UUUUUUUUUUUUUUUUUUUUY staticint VUUUUUUOD 
HOUUUUUUUUOUUE intine DDOD inline UU printOU DOODO 
HOUÖLUUUUUOUUUOUOUOUOUOUOUOUOUUUUU 

2. STATDEST.CPP[] U 0 mano] I I I EI EE LI FfOn sOUUUUUUUOUUUUUU 
OOUOUOUUOUOUUUOUOUOUOUOUOUOUUUUU 

3. [| STATDEST.CPP[]  U out OO UUUU exten I I FL I I I I ADI IL 
HOU obl] I DD out Il I I I UI Ui Ui I I I Uu hi i i i li li lIu ui Yi Fi BI Ii IIi I. LU 
UnnguguguguguguuuuuuHUUUHnHnHnDHUDUDUDDDUDDDUDUUL 

4 TOUGKUOUOUOUOUUUUODODODODOUUUUOUOOD eiOlDllnnunununn 
HOOUOUUUUUUUOOD 

5. O0 O 0 ZU U VOLATILE.CPP{[] [] comm::isrO[]] UU OO OU OU UU OU OU 8 
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1100 OUUÖUUOUOUUUU 


UOUUCHOOUUUUUUUUUUUUUUUUUUUUUUUUUUUO 

UU Pasall] ] IU HU I UU Il CHU UUUUUUUYE Algol UOUUOUUUU CU. LU 
JUUuUuuuunuuuncmnunuuUuuuunnunnDnunouuouu 

UUOUUUUU CUC+HUUUUHUUOUUUUUOUUUUUUUUUUUUUUUO 
HOU CHOUUUUUUUUUUUY ceopy-constructor) I I UU u 3 Uu I U I UL 
OUOU 
UUUUUUUUU 

JUIUUUUUDDUUUDDCc—uUDDUDDODUD (ointer-to-member)] O O L 


10.1 C++-0 000 


COC+HO OUOUUUUUCUUUOUU C+OUU0U00UU0U00UU00U' void“ 70000 
HOUYUUOUUUU CUUOUUUUUUUUUUOUUUUUOUUUUUUUUUUYSD veid*L 
IUIDUDL 

bird* b; 

rock” r; 

VOid* v; 

DE 

CH] UOUUOUUUUUUUUUUUUUUUUUUUUUUUUUUUOUUUOO 
HOUUUODUOUUUUUUOE 180 c++0 OU 00000 UW 


10.2 C++) 000 


HOM@UOUOGUUUUOUOUUUUUUUOUUOUUUUUUUUUOUUUUUUO 
A e Sn (A A ELA TAGA 

int x; 

int &r= x; 

IUIUDIUIUIUUOUODUIUDUUDDUDUHDOUDUUUHDUDUUDODUDUDUD 

int 8 g = 12; 
HOUYOUOUUUUOUUUUUUOUUUUUOUUU >UUDUUUDUUDUDDUUUDOL 
IUDDUIUIUDUUDUDDUUUDUDDDUIUOUIUDUDDUDUODUUDUDUDUDDUUDOL 
HOUUUOUU 

int x=0; 

int & a = X; 

a++; 

HoOadOUOOOxOUOUUOOOUUOOOUUOOUOUOOOUUOOUOUUOOOUOUOUUUL 
HOHUUUODUUUUDCUOUUUUUUUUUUOUUUUUUUWUUUOUUUUUoo 
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HUUOUUUUUUUUW 
JUIUUUUUUUUUU 
>)lUDUUNUUDNUOUUUDUUDIUUUDUDUDUUUUUUUUULL 
2IUUUuUunuunuuUuuPuS”nnuUunuUunguusnnnuugunuounuutwunoL 
UUHUUUUUUUUUUUUUUW 
3UIUUUNULLI UUDUUDUUUUDUUUUUUUUUDDUD 


10.2.1 QTOUUD0O 


JUIUDUUUUDUDUDDUDUDUUUUUDUDUDUDUUUDUDUDDUDUUUU 
JIUUUDUDUDUDUUDDUUDDUDUDUDUUUUUUUDUUuuuuunoD 
JUIUUUDDUDIUUOUUUUUUUDUUDUUUUDUUDUUDUUDUUUULH 

JUIUDUUUUDUUDDUUDUUUUUDUDUUDUUDUUDDUDDUDUUUL 
JUIUUIUDUDUDDDUNUUDOUDUUUUUUUUUUuUuUununu 

JUIUUUUUU 


//: REFRNCE.CPP -- Simple Crr references 


int* f(int* x) { 
(*x) ++; 
return x; // Safe; x is outside this scope 


) 


int& g(int& x) ( 
x++; // Same effect as in £() 


return x; // Safe; outside this scope 


inte h() { 
int q; 

//! return g; // Error 
static int x; 


return x; // Safe; x lives outside scope 


} 


main() { 
int A = 0; 
E (KA); // Ugly (but explicit) 
g(A); // Clean (but hidden) 
) 


JUIUfOIUIUUIUDUUNUUUUUUUDUUDUUUUUUDDDDOUUUUUDDD g 
QOUUUHUOUUUUUUUUUUUUUUUUUOUY 

10004 

JDUUREFRNCECPITUIUDDUUUUUDUUDUUUDDDUUUUUDUDULU 
JnIUUunueODUUUDUuuunuuluUununPuouSDuDuu”uuunuuunu 
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IUDUUUUUUUUDUUDUDUDDDUDUUUUUUDUUUUUuUUuDUuDUDoUD 
IUUUUUUUUDUUDUDUUUDUUUDUUDUDUUDUUDUUDUDUUDUU 
JUIUUUUUDUDUUDDUUUUUUUUUDUUUUUUuuuU 
JUIUDUUUUDUUDUUUDUUUUUUUUDUUUDUUDUDUUUDUUUu 
JUUUUUUUUUUUDUDUUUDUUUDUUDUDUUDUUDUUUUDUUDUu 
JUIUUUUUUDDUDUDUDUUUUUDUUUUUUUUUUUuuDnunu 


//: PASCONST.CPP -- Passing references as const 





void f(int&) () 
void g(const int&) () 


main() ( 

114 £(1); // Error 

g (1); 

} 

HOfTDOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUoUoo 
IMYOOUUUUUUUUUUUUUUU unuUnuunnmunuuununnunnoun 
HOHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUUUUo 
HOHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUUUoo 
HOUOUUUUOOD 

200UUU 

HCHOUUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU8 


void f (int**); 


UOUUUUUUUUUUUUUUUUUUUO 
int | = 47; 
int* ip = AI; 
f (&ip); 
UINlc—uUNDnuUnuuuununuununuHUunnunnuunuDUuuuwnwun 
HOUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo$ 


//: REFPTR.CPP -- Reference to pointer 


tinclude <iostream.h> 
void increment (int*& i) { i++; } 


main() { 
int* i = 0; | 
cout << "i = " << i << endl; 
increment (i); 


cout << "i = " << i << endl; 


) 
10.22 (00000 


JUIUUIUUUUUDDUUDUUUUUDUUUUUUUDUDUUUUUUUDUUUUUu 


China=puh.eom sig cooooooon 479 
w 


JUUUUUUDUUUDDUUDUUUUDDUUUDUUDUIUUUUUUDUUUUUUWDuU 
JUIUUUUUDUUDUDUUUUDNUUUUUUUUDUUUUUUUUUUDuDu 
JUIUUUDUDUUDDUUDDUUUDUUUUUDUUDUUDUUDUDUDUDUUUU 
HUHUHUUUUUUUUUUUUUUUUUUUUUUO 
JUIUUUUDUUDUUDUUUDDUUUDUUUUDUUDUUDUUUDUDUDUUUL 
JUIUUUuDUuUDunUunugDuoSusnunuuuuuUuuugmnunnouunnouu 


103 JOUÖUUHU 


IUIUc—UUuUuuUuu”Duu”Duuuuuuuuinununuunnuuuuuuuu 
HOUUU xe)" XIUUXTHUUIUUUUUUUUUDUUUUUUUUUUDUU 
JUIUUUUUDDUDUUUU 


1031 UUDUDUDDUU 


Inlnuunnuunnuunununununcnuunuunnnuunuunnnwunu 
HOUUUUUUU 

int f (int x, char c); 

int g = f (a,b); 

INnlnluUuuunnuuunnuuuununuuunnununnuumunnnununn 
UDD nL char] intl] float] double] I UI Ui UI UI Uu i ili i ii i Uu I i I i. LL 

IUlnuunuunnunnnuunnununununrfeonnuunnumnunnun 
OOOO 

push b 

push a 

call f () 

add sp,4 

mov g, register a 

HOUUUUUUUUUUUUUUUUUU —bbubaJUUUUUUUUUUUUO 
HOUUUUUU nl elnlnuuulnuununuununnunuunnunununu sun 
OOUÖHUOUHfOHJOUUHUODUDOU LD name-manglingl] OU" UUU a” OOO CPULI Ll 
Innuuulnuununnununununununumunnnunn 

Icnc—llnlnlnluluuunuuuuunnnnunuuuunuuuuunnnnuuwnu 
OODD add sp,40 Il I I Ui Yu uu i i I uu Di i Uu I i ll i Il i i iu In i i Ui I ìi 
Inln—dUuUuunuunununuunuunuunnunnunnunnu 

fOlUlUlNnuuuuuuuuunnnnnnuunuuuunununuuuuuunnnwnun 
INnlnluuunnununuuuunnuunnuuuunnununnuunnunmnuuwun 
ANN 

LQOUOQUUUUO 

IUnlnluuunnuununnuununnuuununuuunnnununnuunnuu 
IUnlnuuunnuunnuuunuuunuuununuunnununununun 

IUnlnluuunnuuunnuuunnuuunnunuuunnununnuunununu 
DI DL 
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//: PASSTRUC.CPP -- Passing a big structure 





struct big { 
char buf[100]; 
int i; 
long d; 

} B, B2; 


big bigfun(big b) { 
b.i = 100; // Do something to the argument 
return b; 


} 


main() { | 
B2 = bigfun (B) ; 
} 


UNUIUUUUUUUUUUUDUUDUDUUUUUUUU” helper” QUOUUUUOL 
UUUOUUUUU mainO JUÖUUHUHUHUUUUUUUD bigfesx3OuUOU BU UU 
OLUÖLOUUHUOUUUHUUODUBIOUOUUUHUUOUUOUUOUOUDLD helperi I U I UU LID 

JUIUUIUUUUDUUUUUUUDUUUUDUUL PASSTRUCCPI] O OOOD 
JUIUUUUDUDUDUDPUDUDUUDUUDUUDUUUUDUUDUNDUUUUU 
JUIUUIUUUDDUDUUDUUDDOUOUUDUULU 

20HUUUUUU0UU 

JUIUUIUUUDDUOUUUUUUUUUOUUUDUUUUDUUUUDUUUUUDD 
UUUUUUDUuUUuuUuuunuUuuuUuuuuuungnmunonuu'uUu'UUUUUUuuu 
JUIUUUUUUUUUUDUUUIUDUUUDUU CALL] CP] UL I UI UI UU UI. LU 
JUIUUIUUUUUDDDUURETURNIUDDIUUIUDUUUUIODDUNUUDUNUUDUUUD 
JUIUUUUDUUDDUNUUDNUOUUUUDUUUUUU CALU UUUUUDUDUUD 
JUIUUUUUUDDUDUUDUUD 





JUIUUUDUDUUDUUDUDUUUDUUUUDUUUUDUUDUDUUDUDUUUU 
JUIUDUUDUUDUUUDUDUUDUDUUUUUUUDUUUDDUUUUDUDUDDUDU 
(function frame] WOU UHUUUUUUUUUUUUUUUUUUUUUUUUUUUUO 
JUIUUONIUUUDDOUUUUUUUUUUUOUUUUUUUL 

3.0 0 

UOUUCUCHOUUUUUUVUUOUUUUUUUUUUUUUUUUUUUUUUO 
UIUUUUUDUUDUDUUUDUUDDUDUUDUDUUUUUUDUUUUDuouunob 
JUIUUUUISRUUUDDUUUUUDUDUUUUDUDUUDUDUUDU SRDUDDUD 
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HOUUUUUUUUUUUUWUUU SROUUUUUUUUUUO vidd I I UI Ii UI iL 
HOU CPUJUOUUUUUUUUUUUU SROUUUUUUUUUUUUUUUUOUW 

HOUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUoUo 
IUUuuunnnnnnuuuuuunununuuuuuuunnnnnnnuuuwn 
RETURNO UVUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUoo 
HU RETURNUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
IUUunnnuuuuuuunnnnuuuuuuunnnnnuunuuununnunuwun 
UOUOÖOIRUJOUÖUUUOUÖUUOUUOUUOUOUUUOUOUUUOUUUODOUUUODOUOUUOUOUUUU 

INnlnuuunnuuunnuunununuuununumuunnnunununuunnunu 
HOUUU CUUUUUUUUUUUU CH+UU00U0UU0U0UUUU00UUU C+U0U0 
OOUDOUN 

OOUOUOOUUOOOOUOUUOOUOUUUUUUOOOOUOUOUOOUOUUUUULU 
Inlnluuunnuununnuuuunnuuunnununnununununnunmunn 
Inlnuuununumunnuunnuuunnunuunnununnunn 

IUUunnnnunuuuuuuuuunnnnunuuuunnuuuunnnnuuwun 
INnlnluuunnunnnuuuunuuunnunuunnununuununnumuwnn 
HOUUUUUUUUUUUUUUUUUUYET PASSTRUCCCP[] main )[] bigfun() O 0 UU 
O0 B200 00000000N eigfenOllll i i i I Ii i Ui iu Ii Ii Ui i iu RI UI iL 
HOUUUUUUUUUUO 

4.0 U UU bitecopyJ OU UU 

IUnlnluUuuunnunuunuunuununumuunnuuunnuumuunnununn 
INnlnuunnuunnuunununununununchnunnuunnumnnun 
HOUOUUEUCHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
HOUUUUUUUUUUUUO 

HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUO 0000 
HOUUUUUUUUUUYS saiol i I i Ii i Ii uu Ii i I Li. LL 

//: HOWMANY.CPP -- Class counts its objects 

#include <fstream.h> | 





ofstream out ("howmany.out"); 


class howmany { 
static int object. count; 
public: 
howmany() { 
object_count++; 
} 
static void print(const char* msg = 0) { 
if(msg) out << msg << ": "; 
out << "object. count = " 
<< object_count << endl; 
} 
~howmany() { 


object_count--; 
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print ("~howmany()"); 
} 
}; 


int howmany: :object. count = 0; 


// Pass and return BY VALUE: 
howmany f(howmany x) { 
x.print ("x argument inside £0") 
return x; 


) 


main() { 
howmany h; 
howmany: :print ("after construction of h"); 
howmany h2 = £(h); 
howmany: :print("after call to £()"); 


} 


howmany | JUHU UUU mW II I Uu Uu I Uu Uu I Uu Uu I UU Uu I UL]. print L 
lUIUUIUUUIUUUUDIUUUDUUUIUUUUDUUDUDUUUDUUIUUUUDDUUUDUL 
HOUUUUUUY 

HHUHUUUUUUUUUUUUUUO 

after construction of h: object count = 1 

x argument inside f(): object count = 1 
-howmany () : object count = 0 
after. call to f(): object count = 0 
-howmany () : object count = -1 
-howmany () : object count = -2 


URJUUUUUUUU TUUUUUUUUU fOODHOOUOD 2000 h20 000 
JUIUUUDUDDDDODDUDDDUUUUUUUUDUUUDDUUDUUDUDDDUDUUUU 
HUUOUUUUUUUUUUUUUUUUUUUUUO 

JUIUUUUUUDfOIDUIUUUUUUUDUUUDUUDUUPUUUUUUuUwuno 
JIUUUUUDUUDUODDUUDUUDDUDUUUDUUUUUDUDUUUUDUuUuno 
HOUU CHHUHUYUUUUUUUUU C++howmany | I I UL UU IU I Uu HU I UI IL 
JUIUUUUDUUDUDUDUUDDUUUD 

UOUHUHUUÖUUOUUFOHOUOUUUÖUUHUUUUUUHULE object count] O [] 
UOUUUUOUY object_count O O0 PO LI Uu 3 Uu T3 U Ii u uu uu 85 UI I Uu iL 
JUIUUUNUUDUUUDUD hUe2UDUDUDUUDUUUDDUDUDUUDUDUDU object_countl] 
UOUUUU 


10.3.2 JOOUUd0C 
JUIUUUNUUUUDUUDUUDUUUUUDOUOUUUDDDOUUUUUDDUUUUUU 
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IUUnnuuunuuunnuuuunuuunnuuunuuunnnuuunuuunoun 
IUlDluUuuunuunuunnuuunuunuunuunu 

howmany h2 = f(h); 
HOUUUUUU BPOUUUFOUUUUUUUUUUUUUUUUUUUUUUUUUO 
HOU 

HOUUUUUDUUUUUUY eitcpyl I UI Fi UI uu Di uu i Ui I i i iu In Ii UI. LL 
howmanyl]llllUl lUUuuuuuuuuuuuuuuuuuuuuuunnnnnuuwuno 
IUDDnuDuuuunnuuuuunnuunuunnnuunuuunn 

IUlnluDuuuunnuuuuunuuuunnununnumn C@iteopph O00 U 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUO 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUO 
IUUnDuumuuuuunnuuuuuuunnuuuuuuunnnuuunuuuunD 
IUUUnlnuuuuuuunnnuuuuuuunnuuuuuuunnnuuunuuununD 
IUlnlUumuunnuuuunnuuuuunuuuunuunuunuununnumu XX) 
IDUUUDAXUIUUUDDULU 

IUIUUDUUUUDUUUUUDUUUUUUNnuUUUunuunnuununuunwn 
(bitcopy JU I Ul UI UI Ui ui Pu ui i IIu uu I Uu Uu UU Ui Uu il u i u UI» i Uu UU i i ui LU 
UOUHUUUUUUUUUUUUUUUUUUUUUO 

UWOUUUUUU HOWMANY.CPPI FOU UD 

//: HOWMANY2.CPP -- The copy-constructor 

#include <fstream.h> f 





#include <string.h> 
ofstream out ("howmany2.out") ; 


class howmany2 { 
enum. ( bufsize = 30 |); 
char id[bufsize]; // Object identifier 
static int object count; 
public: | 
howmany2 (const char* ID = 0) { 
if (ID) strncpy(id, ID, bufsize); 
else *id = 0; 
++object count; 
print ("howmany2 ()") ; 
// The copy-constructor: 
howmany2 (const howmany2& h) { 
strncpy(id, h.id, bufsize); 
strncat(id, " copy", bufsize - strlen(id)); 
++object count; 
print ("howmany2 (howmany2é&) ") ; 
) 


// Can't be static (printing id): 
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void print (const char* msg = 0) const ( 
if (msg) out << msg << endl; 
out << '\t' << id << ": " 
<< "object count = " 


<< object count << endl; 


} 
~howmany2() { 
--object count; 
print ("~howmany2 ()") ; 
| 
bi 


int howmany2::object_count = 0; 


// Pass and return BY VALUE: 

howmany2 £(howmany2 x) { 
x.print("x argument inside f()"); 
out << "returning from f()" << endl; 
return x; 


) 


main() { 
howmany2 h("h"); 
out << "entering f()" << endl; 
howmany2 h2 = f(h); 
h2.print("h2 after call to f()"); 
out << "call f(), no return value" << endl; 
£(h); | 
out << "after call to f()" << endl; 


} 


JUIUUDUUDDUUUUUUUUDUDUUUUDUUdal DU UI Uu UU UU Ui LU 
JUIUUUDUDUUDDUDUDUUUUUUUUDUUDUUDNUONUOUDDUUUUDODUUULH 
UOUUU COOL stracpyOO I BU UL id strncpy Ol I U Uu BU UU UI UU I Uu I. 
JUIUUUDUUDUD 

UUUUUUUUYE howmany2(howmany2&)] I i lll UUUDuuununuuno 
OOHOUUUÖUUUUUUOUOUOUOD iW id) II UI UU” copy GOOUUUUUUUUUU 
JUIUDUOUUUDDDUUUD CHD senca OU UI Uid i UU Uu uu Uunnuwu 

JUIUDUUUUDUDUDDUUUDUUUUUUDUUDUUUUDUUDDUDUUULU 
HUUHUUUUUUUUUUUO 

print) UH UU WU 8BU IiUuuUu iu DU UU I U UU I UU UU. prin OD I I UL 
JuUIUUUUDidal UOUUUUY statich OUOU 

UmainQQUOUOUUUUUUUUUUUUUE (Oo UUUUUUUUUUUUE cou 
JUIUDUUUUUUDUUDUUDDUDUUUDUUUUUUDUUUUUuUUuDUuDUounD 
JIUDUUUDUUUUUUUUDUDUUUUDUUDUUUUDDDDIUUUUUUUDUUOLU 
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JUIUUUUUUUDUUDUDUDUDUDUUNUDUDUDUDUL 
JUIUUIUDIUUDDOUUUUDUDUUDUUDUUUDD iostreamsj O I UU UU LU 


//: LINENUM.CPP -- Add line numbers 
tinclude <fstream,h> 





tinclude <strstrea.h> 
tinclude <stdlib.h> 
#include "..\allege.h" 


main(int argc, char* argv[]) { 
if(arge < 2) { 
cerr << "usage: linenum file\n" 
<< "adds line numbers to file" 
<< endl; 
exit (1); 
} 
strstream text; 
{ 
ifstream in(argv[l]); 
allegefile(in); 


text << in.rdbuf(); .// Read in whole file 
) // Close file 


ofstream out(argv[1]); // Overwrite file 

const bsz = 100; | 

char buf[bsz]; 

int line = 0; 

while (text .getline(bu£f, bsz)) ( 
out.setf(ios::right, ios::adjustfield) ; 
out .width (2); 
out << ++line << ") " << buf << endl; 

} 

} 


HOUUUUY strstream DUUUUUUU0 UW ifsreamJ I I UI II I I FI i Il I'L 
HOODOOODD ofstream, ofstream[] [] O O UU U getine()[] strstream[] ] TOO OUUUUU 
INUHHHHU 

IUIUDlNUHUHUU2>2DUUUUUDUUIHDUDUDUDUDUUDHDUUDUUDUDUINHDU 
IUDDDUluUuugnuUun>INUUUIUUUDUDUDUUUHDDHUDUDDUHDDUNHUDUDUD 
IUIDDIDUIUUNHUDUDDUUHDUUDDUUDUDL 

[] LINENUM.CPP{] U 0 U HOWMANY2.OUTI]l]l]] DD Uu 

1) howmany2() 

2) h: object. count = 1 

3) entering £() 

4) howmany2 (howmany2&) 

5) h copy: object_count = 2 

6) x argument inside f() 
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7) h copy: object. count = 2. 





8) returning from £() 
9) howmany2 (howmany2&) 


10) h copy copy: object_count = 3 
11) ~howmany2 () — 

12) h copy: object_count - 2 

13) h2 after call to f() 

14) h copy copy: object_count - 2 
15) call f(), no return value 


16) howmany2 (howmany2&) 

17)  h copy: object count = 3 
18) x argument inside f() 

19) h copy: object count = 3 
20) returning from £() 

21) howmany2 (howmany2&) 


li 
> 


22) h copy copy: object count 
23) -howmany2() i 

24) h copy: object count = 3 
25) -howmany2 () 

26) h copy copy: object count = 2 
27) after call to £() | 

28) -howmany2() 

29) h copy copy: object count = 1 
30) ~howmany2 () 

31) h: object count = 0 


JUIUUUDUUUUUDUDUUDUUUUhUDUDUDUUUUUUUUDUUU Ida 
1002 fodOUOÖÖUUHOUUÖUUHOUONUOUUOUOUUOUOUD OUUU 
HOUUUODUU" boo TUUUUUUUD2>2UUUUUuUUUHuUUUUDULl 

U8SUUOUUUFOUUUDUUUUUUUUUOUU” UU”  UUUUDUUDUUUUL 
JUUUDUUDDDDIUUUUUUUUuUuunnunneUlUDDngDuguunuunsnumuUuuno 
JUIUDUUUDUfODUUUDUODUUUUUDDDUDoUIUUUDUDUuUDUuDUUDUuDUuuouno 
0h20000000000° 'UUUUU'UUUUUUUUDUUDUUUDUuUuUUUunD fo 
UUUIUUUUUUUUUuUuuUuUuUDuUuUuUuuUuDnuUuUuuUu 300000000 7 AO" 
00000 30000 fOolHU0O0O 2000 bor JOHUOODUOOO 2000 hU L 
10070 

* ELI ENE 

100000 f6ODIUUUUUUUUDUUUDD MUU DU Uu Uu DU Uu Uu UU i UI ui UU 
JUIUUUUUUUDUNUUUU2UUuDnuDnunuuuunuuuUuununuuuuuuunoD 
JUIUDIOUUUDDUUUU es lUi Uu UU UU UI UI UI. 

JUIUUIUUUDDOUUUUDOUUUUDUUUDUUUUDUUUUDDUUUUDD 
JUIUUUUUUUUUUDUUuUDnuDnun fODUUUUDnDUunuUuunnununu 
JIUDUUUUUUUUDDUDDUDDDUDUUUUUUDUUDUDUUUDUUDUD 
JUIUUUUUUUDUUDDODUUUUUUUDUUUUUDUUDUUUUUUUDDUUUNu 
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JUIUUUOUUUUUDUUDUUUUUUUUUUUUDDOUUUUUDU 230 244000000 
JUIDUIUUDDDDOU 250 260 O 
U 28-310 100 POO UUUUUUU AU UUUUUUUUUUUUd ou 


10.3.3 OOUUUUUO 


HOUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOo 
HUUUUUUUUUUUUUUUUUUUUUUU COUUUUUUUUUUUUUUO 
HUUUUUUUUUUUUUUU YL bitcopyll 

HOHUUUDUUUUUUUUUUUUUUUUUU CHU 0U0U0U0U00U00U0CUUL 
HUOUUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 

IUUnlunuuuuuuunnuuuuuuunnuuuuuuuunnuumnuunu 
UULUUÖUUUUUUUUUUUUUOULUIE composition O ll I UI UI uu UU i Ui Uu I UI. 
IUUDnnDuUuununuuuunnuuuunuuunnuuuuuuunnnuuunuuunnun 
IUUnnDuununuuuunnuuuunuuunnuuuuuunnnuuuuuunnwnn 
UUUnnDumnmuuwuno 

//: AUTOCC.CPP -- Automatic copy-constructor 

tinclude <iostream.h> 





tinclude <string.h> 


class withcc ( // With copy-constructor 
public: 

// Explicit default constructor reguired: 

withcc() () 

withCC (const withcc&) ( 

cout << "withCC(withCC&)" << endl; 

) 

ys 


class wocc { // Without copy-constructor 
enum { bsz = 30 }; 
char buf [bsz] ; 
public: 
woCC (const char* msg = 0 ) { 
memset (buf, 0, bsz); 
if(msg) strncpy(buf, msg, bsz); 
| 
void print(const char* msg - 0) const ( 
if(msg) cout << msg << ": "; 
cout << buf «<< endl; 
) 
); 


class composite { 
withCC WITHCC; // Embedded objects 
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woCC WOCC; 
public: 





composite() : WOCC("composite()") () 
void print(const char* msg = 0) ( 
WOCC.print (msg) ; 
} 
); 


main() ( 
composite c; 
c.print("contents of c"); 
cout << "calling composite copy-constructor" 
<< endl; | 
composite c2 = c; // Calls copy-constructor 
c2.print ("contents of c2"); | 


) 


with CC JI Uu UI Uu 3 Uu Uu UI Uu Uu Uu Uu nU Uu Uu UI iU. compositel] O 
JUIUDUDUUUUUUU wienCC I Ul UU UU Ui with CC i Uu UI i i Uu UU 
JUIUUDUUUUUUDUDUUDUUUDUDDUDUUUUDUUDUDUUDUUUDU 
JIUUUUDUDUUDUDUUUDUUDUDUDUDUDUUUUUUDUUUuUuuuunob 
JUIUUUUUDUUDUDUUUDUUDDUDUDUDUUUUUDUDUDUUuuuuunoD 
UU withCCH UOUUUUUUUUUUUUUUUO 

UweCCHUUUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoo 
000 pinto) UUUUUUUUUUUUUY composite] I I Uu I Uu 8BU UI I i I LU 
JUIUUUDUDUUUUUuDnguDnnuDnnmunuGUununungnguuguuunnnuunoD 
100OUÖUUUUUU 

[Q composite 0 O0 withCCH I IU UU iU woCCHYUOUUUUUUUUUUO 
WOCCHOUOUUGUUUUUUUUUUUUUE compositlll] I I UL uu âU I I Uu I Ui. 
JuUDUmanO)l Ul liu Uu Ii Uu U3UI I Uu Uu UU 3 UU UU uu UI UL 


composite c2 = C; 


[ composite] TU I I Ul Ul Ui Ui Uu BI i i Il il Il Ii uii uii uii ui i i i I I Ui i Ui iL 

nuuunnunununugugungugununuunucudGnnnuuuUnnnuuuunnnnunun 
INnNHDUDDDDUUUDUDHDUDUDDDUDUUUDUNHDHDUDDDDUUUUDUNHDDUDUL 
UÖHÖGUUUOUUOUUUUOUUOUUUUOUUUUOLOULD withCCHOUOUUUUUUUUUU 
lnnunnuNHDDHDDUDDDDDDwcchilulnNnnnnuununnunnngunuun 
OUOU eieopyl I I I UI i I. compositie I I I I I I i Uu Di UU Il I. 
HOOUOOUOUOU OU OU OU main[] O O  composite::print()[] O O c2.WOCC[] U 0 O <c.WOCC[|] [| 
UOHLHUHUUUUUUUUUUUUUUUUUUU UU memberwise initialization[] 

lNnNHUDUDUDnUluuuununnunuuUnnuuuunnuunnnnuuunnmnoun 
HOO 


10.3.4 TOUOQUUUUUUO 
JUIUUIUUUUUDDODUUUUDUUUUUUDUUDUUUUUUUDUuUUunu 
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JnIUUIUUUIUDUUUUUUUUUUUUUUDUUUDUDUDUUUDDUUUUDUuUuuu 
JUIUUUDUUDDOUDUUUUDUUUU 

LUUUUUUDU 

UUDUIUUUUUUUUUUUUUDUDUUDUUUUUUUUUUDUUUUUUuLl 
UNnIUUUUUUUUUDUUDUuuuununuU” 

JUIUUIUDUUUUDUUUUUUDDODUUUDUUDU private] OOUUUUUUO 
JUIUUUUUUDUDUDUDDDDDUDDUD frend OUUOUUUUUUUUUUOUO 
UUUUUDUDUDUUUUDUDUUDDUDUUUDUUUUuDnUunuuuonuuunob 
JUIUUUUDUDUDUUDUUDDUUDDUUDUUUUUUUUunuUuunuuuonuuunob 
UOUUU 

JUIUnuuuuwu 


//: STOPCC.CPP -- Preventing copy-construction 





class nocc { 

int i; 

nocc (const noCC&); // No definition 
public: | 

noCC(int I = 0) : i(I) 0) 
}; 


void f(nocc); 


main() { 
noCC n; 
//! E(n); // Error: copy-constructor called 
//! noCC n2 = n; // Error: c-c called 
//! nocc n3(n); // Error: c-c called 
) | 


HOUUGUUUUUO 
noCC(const noCC&)[] 


UU UU const] 

20UUUU0U0UUUU 

IUUunnnnunuuuuununuuuunnnnnuuuununuuuunnnnuuwun 
Lliostreamsl] I I UUUUUUUUU getOUUUU char« I] I I I I UI i LI. gecOll 
INnlnluuunnununuuuununuunnuuunnununnuunnumunwn 
HOUUU 

char c; 

cin.get(c); 

HOUHUUUUUUUUUUUUUUUUUUUUUUUUUUUO 

IUlUunnunuuunnuunuunuunununuunuununnunnnunuwn 
HOUUHUUUUUUUUUUUUUUUUUUUUUUS const] UÖHOUUUÖHUÖUD const 
IUnlnuuunuuunnununnunununununu 


190 C++0 000 Ghina=puh.2oM 
— 0 


10.4 VUOUUUUUUUUUUUUO 


JIUDUUUUDUUDUUUDUUUUUDUDUUDUUDDUUUDDUDUUUL 
JUIUUUuUuunuuununn CHOU UU 8 Oointe-tomember)l] l] II UU UI UU 
10 C-FEJOUÖHOUOUOÖUUUUUOUUONOUOUUOUUUOUUONOUOUOUUUOUOUUOUOOUHU 
JIUUUUUDUDUUDUUUDUUDDUDUUUDUUUUUDUDUuUUUuuunob 
JUIUUIUUUDUDUUDUUDUDDUUNUUUOUODUUUUUUUUU 

JUIUUUUUUUDUUUUUDDUDUUUu 


struct simple { int a ; }; 


HUUUUUUUUUUU spl Ol so ll i iu i i Ii I uu i UI UL 

Sp->a ; 

so.a ; 

JUIDDONDUDUUDDUDUL integer UU ip UU UU ipPU UU Uu UN UI Uu *>UU UI. LU 
HUOUUUUO 

*ip- 4; 

lUluUunnuunuunuununuunuunuuunuunnnunununnunn 
IUnlUluuunuunnuunnuunuu-*Uuuuunnnnuunnuuuunnnwun 
IUluUunnunnuunuunu*unuunuunuunununnnnnnuu simplet UU 
UU 

sp->*pm = 47 ; 

so.*pm = 47 ; 

IUUnunnmunuununuuuuun->*tunuuunnunununeunnnn 
InuUunnpmnlUUUUUUUUUUUDUUDUUDDUDDUDUUDUUUUUUUDU 
100000000U0 * OHUUUUUUUUUUUUUUUOUOUUUOUUUOUUUU 
IUUnuununuununuunnnuunnnnuwn 

int simple::*pm ; 

IUluUuununnuuununnnmnuunnnuununnn 

int simple::*pm = &simple::a ; 

UOULÖUUOUÖUUOUÖUUUUUUUUUUU simple::al] VU" OO OU 
UU &simple:al] I I UI UI UI hi UI Ii I I. 


UU 


HUQUUUUUUUUUUUUUUUY pointer-to-memberf] VUUOUUUUUUUUEU 
HOUUUUUO 

int (*fp) (float) ; 

CfpUUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUE int* 
HOUUU 

IUnlnluuuunuuunnuuunnununnumuunnnununnununwunu 
HOUUU 


struct simple2 { int f(float); } ; 
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JUIUUOUUUUDUDUUUUUDUUUUUDUNUUUUDDUUDUUUDDD 


int (simple2::*fp) (float) ; 


JUIUDUNUIUUUDUUUUUDDUUUUU 


int (simple2::*fp) (float) = &simple2::f ; 


Inluunuunuue«inuunnununnununuunuunuununnunn 

fp = simple2::f ; 

‘OUUU 

INnlnluuunnuuunnuununnunnnunuuunnnununnunununu 
INnlnluuunnuununuuuunnunuunnuunuunnununnuunnnunmnuuwun 
JUUDUUDUDUUUUDUUUUDUD owionl Ul lU UU Uu Uu Uu Uni ui UU Ui Ll 
IUlUuunnuuunuuunuuunnuunnuuunnuuununn 


//: PMEM.CPP -- Pointers to members 





class widget ( 
public: 
void f(int); 
void g(int); 
void h(int); 
void i(int); 


); 
void widget::h(int) {} 


main() ( 
widget w; 
widget* wp = &W; 
void (widget::*pmem)(int) - &widget::h; 
(w.*pmem) (1); | 
(wp->*pmem) (2); 
) 


IUUUnlnDnuuuuuuunnuuuuunuuunnnuuuuuuunnuuwmunu 
OODD typedef] i Il Ii Ui uu UI uu i i hl Ii UU i Ui UL Ii BU Ii iu I» Uu i I I I. 
IUUlDlDuumuuuunnnuuuuuuunnuuuuuuunuuuunuununwun 
00" 

//: PMEM2.CPP -- Pointers to members 

tinclude <iostream.h> 

class widget ( 

void f(int) const {cout << "widget::f()An"; 
void g(int) const {cout << "widget::g()\n"; 
void h(int) const {cout << "widget::h()\n"; 
void i(int) const {cout << "widget::i()\n"; 


eget hy et 


[1] O 0 Owen Mortensen[] [] OO UU 
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enum { count = 4 }; | 
void (widget::*fptr[count]) (int) const; 


public: 
widget() ( | 
fptri0] = &widget::f; // Full spec required 
fptr[1] = &widget::g; 
fptr[2] - &widget::h; 
fptr[3] = &widget::i; 


) | 

void select(int I, int J) { 
if(I < 0 || I >= count) return; 
(this->*fptr[I]) (J); 


) 


int Count() ( return count; .) 


); 


main() ( 
widget w; 
for(int i = 0; i < w.Count(); i++) 
w.select (i, 47); 


) 


OOOO mano] oo 
HOU Count DO Un 
UO 

HOUUUUUUUUOUUOUUUOUUUUUUUUUUUUOUUUUUU 

fptr[1] = &g ; 

HOUU GSUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUooo 
IUDIUDlUIUUUDUUNHUDDUUHUDDDUUUHUDUUDUUDUIUNHDUDDUDUNHDDOL 
HOUUUUUUUOUUUOUOUUUUU 

(this->*fptr[i]) (j); 

UOGÖUÖUOUOOUODOOD hispoOUOUUUUUUUUUUUUUUUUUUUUUUOo 
HOUUUUUUUUUUUUUOO 


10.5 UU 


CHU OUUU COUUUWUUUUUOUUUUUUUUUUUUUY CUOU c+ 
JUIUUUUUUDUUUUUUUUUUUUUUuUDUuguDnnuDuuUunDuuuuDuuuu 
JIUUIUUUIDUUUUUDUNUUUUDDD cas] HUU 

C++[] O Algoll] Pascal] O O O O &eferenc)l I] Ul Ui Ul UU Uu Hn Uu UU Uu Uu Uu Uu 
JUUIUUUUUUUDUUUUDUUUDUUUDUUUDUUUDUUUDUUUDUU 
JUIUDUUUUDUUDUDUUUUDUUUUDUUUDUUDUDUDUUUU 

JUIUUUUDUUUDDDUDDUUNUUDNUOUOUUUDDDUUUUUUUDDUDUDUUUWD 
JUIUUIUDUUUUUUDUDUUUUDUUDUUUUUUUDUUUUDuDnuDuuuu 


JUIUUUUIUUUDUUUDUDUDUDUUDDDDUDD 
JUUUDUUUDUDUUUUUDDUUUDUUUDUDUU 
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JIUUUUUDUDUDUUUUDUUDUDUDUUUUUUUUDUDUUUuDUuUDD 
JUIUDUUDDUUUUUDUUDUDUDUUUUUDUUDUUUUUUUDUDUuDuDuDu 
(privat)l] I O UUUU 

JUIUUUDUDUDOUUUUUUUUDDUUUUUUuUuUuUuDnunDonuuUuuULu 
JIUUDUUUDUDUUDUUUUDUDUUDUUDUUUUUUUUDUuUUuUuuuuno 
JUIUUUUUDDUDUUDDOD 


10.6 YU 





LUDUIUUUDUDUUUUDU har. I I i Uu UU UI I UU main O hU UI i Uu Uu 
JchrllllUlIlIUWU UUuUDUiUUUUuu iUuUuuUuUunuUuumubDuonDunuusunusuunwnu 
UOÖOUHOUÖUUUÖUUOUUUUOUOHUOUUU 

2z2zUUUUUUUUUUUUUUUUuUuDnuuUuuu cul i i Uu DU Uu UU i Ui DU 
JIUUDUUUUUUDUUDUUUDDUDUUUDUUUUDUUUDUUUUDUUUD 
JUUUUUDUUUDUUDDUDUUDUUUUUDUDUUDUUUUUUUDUUWDU 
JUIUUUUUDDUDUUUDDUULU 

3. LUÖHUÖUUÖUUÖUUÖUUÖUUOUUOUUOU OOO PASSTRUC.CPPT O O UUUU 
JUIUUIUUUDDUDDUDUUUDUDDUNUUUDUUUUUU 
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1110 UUUUL 


UNnIUUUUUUU'DUUU'UUUUUUUUUUUUUUUUuUDLl 

JUIUDUUUUUUUUDDUUUUUUDUODUUDUDUUDUDDUUUUUUUL 
UU 

Jnlce—UUUUUnDluuuunUuUuuuuuU”uUuuuunnDuunuuuno 
operator] I Ì UU IU Uu UU UU ui dU UU Uu Uu UU Uu Uu Uu UU UU Uu Ui. UU 
JUIUUIUDUUDDODNUUUUDDOUUUUUDUUUUDUOUUUUUUDUUU 
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JUIUDUUUUDDUUDDUDUUUUUDUUDUDUDUUDUDUDUDUDUUUU 
JUIUDUHUOUUDDUUDDUDUDUUUUDUUUDUOUUDDUDDUDUDUUUU 
JUUUUUDUUDUUUDDUDUDUUUDUUDDDIIUUUUUUUUDUDUUD 
JUIUUUUUUUuUunuDnuUunouno 

UNUIUUUUUUUDUUUUDUuuUUDuuuUuUDuuuc”UuuuUUDuuUDuuuwU OU 
UNUIUUUUUDUUDUCUUUIUUUDUUU” DUIUUUUDUUUUUuUuuuUu 
JIUDUUUUUUDUUDUUDUDUDUDUDUUUUUUDUUUUUUUuDUuDUDD 
UU 


1 << 4; 


JUIUUUUUUDUNUUUUDUUUU 


1.414 << 2; 


00000000000000000000000000 
11.2 OD 


JUIUUUUDUUDUUUUDUODUUDUODDUDDUUDDUU operator@Q UU elu 
JUIUUUOUUUDUUUUUDDUUUUDDD 
>IUIUUUUUUUUUDUUDUDUUDUDUDUDDOLL 
2IUlUDUUDUDUUUOUUUUUUUUUUUUDUDUUDUDUUDUDUDUUL 
JUIUUUUDUUDDUDUUUUUUU—DUDUUUDUUDDDU 
JUUUUUUDUDUUUDUDUDUUUL 


//: OPOVER.CPP -- Operator overloading syntax 


tinclude <iostream.h> 


class integer { 
int i; 

public: 
integer(int I) { i = I; } 
const integer 
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operator+ (const integer& rv) const { 

cout << "operator+" << endl; 
| return integer(i + rv.i); 

} 

integer& 

operator+=(const integer& rv) { 
cout << "operator+=" << endl; 
i += rv.i; 
return *this; 


} 
Ì; 


main() { 
cout << "built-in types:" << endl; 
int 1 =1, 5 = 2, k = 3; 
k += i + j; | 
cout << "user-defined types:" << endl; 
integer I(1), J(2), K(3); 
K += I + J; 


} 


IUUDIUIDODUIDUODODUDDUDUODUDUUUDUDDUUOUDUDDDUUDODUUUODUUD 
IUUDIUIDUDUUUOUDUDDDUUOUOUDUUUDDUHODUDUUDUUODUUDDUUHUDUUDOL 
UU 

HOOUUUUUOUUUUUUUUUUUOUUUUWUOUOUUUUOUUUUUOUUOUo 
IUUDIUIDUDUUUDUDDUUOUOUDUUDDUODUUUDUUOUODUUDDUNHUUODUUDOL 
HOUUOUOUUUUUUUUUUUUUUO 

K+=1+J; 

100+6000000000000U0U0ON00000000000 += Orevû UOO 
HOUUUUOUUUUUUOUU 


11.3 UUUUUULD 


UUHUOUUUUUN CUUUYUUUUUUUUUUUUUUUUUUUUUUUUo 
UCHUHUUUUUUUUUUUU “UUUWUUUUUUUUUUUUUUUUUUUUd 
JUUIUDUUUUUUU—UOUUHUUUUUUUUDUUUUUDUNUDUUUDUU 
UU 

OOOCÖUUUUOUOUUOUODUUUOUUUOUOUUOUUOUOUUUOUUODOUUOU 
JUN 


11.3.1 []UUDUL 


JUUUUDUUUUDUUUDUDUUUUDUUUDUUUUDUUUDDUDUUUD 
JUIUUUUDDDDUUDUULUDU integer I IU byse Uu Uu UU UI Uu UU i UI U.U 
OUU 
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//: UNARY.CPP -- Overloading unary operators 





#include <iostream.h> 
class integer { 
long i; 
integer* This() { return this; } 
public: 
integer (long I = 0) : i(I) (O) 
// No side effects takes const& argument: 
friend const integer& | 
operator+ (const integer& a); 
friend const integer 
operator- (const integer& a); 
friend const integer 
operator- (const integer& a); 
friend integer* | 
operator&(integer& a); 
friend int 
operator! (const integer& a); 
// Side effects don't take const& argument: 
// Prefix: 
friend const integer& 
operator++(integer& a); 
// Postfix: 
friend const integer 
operator++(integer& a, int); 
// Prefix: 
friend const integer& 
operator--(integer& a); 
// Postfix: 
friend const ihteger | 
operator--(integer& a, int); 


Jj; 


// Global operators: 

const integer& operator+ (const integer& a) { 
cout << "+integer\n"; 
return a; // Unary + has no effect 

| | 

const integer operator- (const integer& a) ( 
cout << "-integerìn"; 
return integer(-a.i); 

} | 

const integer operator- (const integer& a) ( 
cout << "~integer\n"; 
return integer(~a.i); 


} 
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integer* operator&(integer& a) ( 
cout << "&integer\n"; 
return a.This(); // &a is recursive! 
} 
int operator! (const integer& a) { 
cout << "linteger\n"; 
return !a.i; 
} 
// Prefix; return incremented value 
const integer& operator++(integer& a) { 
cout << "++integer\n"; 
a.i++; 
return a; 
} 
// Postfix; return the value before increment: 
const integer operator++(integer& a, int) { 
cout << "integer++\n"; 
integer r(a.i); 
a.i++; 
return r; 
} 
// Prefix; return decremented value 
const integer& operator--(integer& a) { 
cout << "--integer\n"; 
a.i--; 
return a; 
) 
// Postfix; return the value before decrement: 
const integer operator--(integer& a, int) { 
cout << "integer--\n"; 
integer r(a.i); 
a.i--; 


return r; 


void f(integer a) ( 
+a; 
-a; 
~a; 
integer* ip = &a; 
la; 
++ā; 
a++; 
— 


a--; 
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// Member operators (implicit "this"): 
class byte ( 

unsigned char b; 
public: 

byte (unsigned char B = 0) : b(B) {} 


// No side effects: const member function: 


const byte& operator+() const { 
cout << "+bytein"; 
return *this; 

const byte operator-() const { 


cout << "-byte\n"; 


return byte(-b); 
) 
const byte operator-() const ( 
cout << "-byteân"; 
return byte(-b); 
) 
byte operator!() const ( 
cout << "!byteAn"; 
return byte(!b); 
) 
byte* operator&() ( 
cout << "&byte\n"; 
return this; 
} | 
// Side effects: non-const member function: 
const byte& operator++() { // Prefix 
cout << "++byte\n"; 
b++; 
return *this; 
} 
const byte operator++(int) ( // Postfix 
cout << "bytet+\n"; 
byte before (b); 
b++; 
return before; 
} 
const byte& operator--() { // Prefix 
cout << "--byte\n"; 
--b; 
return *this; 
} 
const byte operator--(int) { // Postfix 
cout << "byte--\n"; 


China=puh.eoM 
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byte before(b); 
--b; 
return before; 





); 


void g(byte b) ( 
+b; 
-b; 
~b; 
byte* bp = &b; 
Ib; 


) 


main() ( 
integer a; 
f (a); 
byte b; 
g(b); 

) 


JUIUDUUUUDUUUUDDUUUUUUDUODUUDUDUUDUDDUUUUUUDULU 
JUUIUDUUUUUUUDUDDUUUUUUDUUUUUUUUUDnuUunuunnuuunuunob 

“HOUUUU 

JnUeU-UUDUUUDDUDUUDUUDDUUUUUDUUDUUUUUUDDUDUU 
JUIUUUUDUDUDUUUUDUDUUDUDUUDUUUUUUUUDUuUuuuuonuuunob 
JUIUUIUDUDDDUUUUUUUDUUD ++i douU operator++(a); 0 L 
UOUUOU ar00 0O operator++a in) OOUUUUUUUUUUUUUUUUUUY 
00 UNARY.CPPH TOUOUOUUUUUUUUU ++o0 0000D B::perator++O0 0O O L 
UUUOUUUO b++0 0 U0 UU L B:operatorii(intb[) O OU 

JUUUUUDUUDUUUUUDUUUDUDUUUDUUDUUUUUDUNUUUD 
JUIUUIUUUUDUUUUUDDUUUUUDUUUUUUUNUUUUDUDD ind] UU U 
JIUUUUDUDUUUDUUDUDUUDDUDUDUUDUUUUUUUUUuDUuUuno 
JnIUUununuuu 


11.3.2 [IllU I Ll 
JUIUDUOUUUDDUUUU UNARYCPPII]UIUUUDUDUDUDDDDDUUUDD 


//: BINARY.CPP -- Overloading binary operators 
#include <fstream.h> 
#include "..\allege.h" 
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ofstream out ("binary.out") ; 





class integer { // Combine this with UNARY.CPP 
long i; 
public: 
integer(long I = 0) : i(I) {} 
// Operators that create new, modified value: 
friend const integer 
operator+(const integer& left, 
const integer& right); 
friend const integer | 
operator-(const integer& left, 
const integer& right); 
friend const integer | 
operator* (const integer& left, 
const integer& right); 
friend const integer 
operator/(const integer& left, 
const integer& right); 
friend const integer 
operator’ (const integer& left, 
const integer& right); 
friend const integer 
operator” (const integer& left, 
const integer& right); 
friend const integer 
operator&(const integer& left, 
const integer& right); 
friend const integer | 
operator | (const integer& left, 
const integer& right); 
friend const integer 
operator<< (const integer& left, 
| const integer& right); 
friend const integer 
operator>>(const integer& left, 
const integer& right); 
// Assignments modify & return lvalue: 
friend integer& 
operator+=(integeré& left, 
const integer& right); 
friend integer& | 
operator--(integer& left, 
const integer& right); 
friend integer& 
operator*-(integer& left, 
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const integer& right); 


friend integer& 
operator/=(integer& left, 
const integer& right) ; 


friend integer& 
operator%=(integer& left, 
const integer& right); 


friend integer& | 
operator^-(integer& left, 
const integer& right); 
friend integer& 
operator&-(integer& left, 
const integer& right); 
friend integer& 
operator|-(integer& left, 
const integer& right); 
friend integer& 
operator>>-(integer& left, 
const integer& right); 
friend integer& 
operator<<-(integer& left, 
const integer& right); 
// Conditional operators return true/false: 
friend int | 
operator--(const integer& left, 
const integer& right); 
friend int 
operator!-(const integer& left, 
const integer& right); 
friend int 
operator<(const integer& left, 
const integer& right); 
friend int 
operator>(const integer& left, 
const integer& right); 
friend int | 
operator<-(const integer& left, 
const integer& right); 
friend int | 
operator>= (const integer& left, 
const integer& right) ; 
friend int 
operator&&(const integer& left, 
const integer& right); 
friend int 
operator | | (const integer& left, 
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const integer& right); 
// Write the contents to an ostream: 
void print(ostream& os) const ( os << i; ) 


); 


const integer 
operator+ (const integer& left, 
const integer& right) { 
return integer(left.i + right.i); 
) 
const integer 
operator- (const integer& left, 
const integer& right) { 
return integer(left.i - right.i); 
) 
const integer 
operator* (const integer& left, 
const integer& right) { 
return integer(left.i * right.i); 
) 
const integer 
operator/ (const integer& left, 
const integer& right) { 
allege (right.i != 0, "divide by zero"); 
return integer(left.i / right.i); 
} 
const integer 
operator’ (const integer& left, 
const integer& right) { 
allege (right.i != 0, "modulo by zero"); 


return integer(left.i % right.i); 
const integer 
operator“ (const integer& left, 
const integer& right) { 


return integer(left.i ^ right.i); 


) 
const integer 
operator (const integer& left, 
const integer& right) { 
return integer(left.i & right.i); 
) 
const integer 
operator | (const integer& left, 
const integer& right) ( 
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return integer (left.i | right.i); 
) 
const integer 
operator<< (const integer& left, 
const integer& right) { 
return integer(left.i << right.i); 
} 
const integer 
operator>>(const integer& left, 
const integer& right) { 
return integer(left.i >> right.i); 
} | 
// Assignments modify & return lvalue: 
integer& operator+=(integer& left, 
const integer& right) { 
if(&left == &right) {/* self-assignment */} 
left.i += right.i; 
return left; 
) 
integer& operator-=(integerš left, 
const integer& right) { 
if(&left == &right) {/* self-assignment */) 
left.i -= right.i; | 
return left; 
) 
integer& operator*-(integer& left, 
const integer& right) ( 
if(&left -- &right) (/* self-assignment */) 
left.i *- right.i; 
return left; 
) 
integer& operator/-(integer& left, 
const integer& right) ( 
allege(right.i != 0, "divide by zero"); 
if(&left -- &right) (/* self-assignment */) 
left.i /- right.i; | 
return left; 
) 
integer& operator%=(integer& left, 
const integer& right) { 
allege(right.i != 0, "modulo by zero"); 
if (&left == &right) {/* self-assignment */) 
left.i %= right.i; 
return left; 


) 


integer& operator^-(integer& left, 
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const integer& right) { 
if (&left == &right) {/* self-assignment */) 
left.i *= right.i; 
return left; 
} 
integer& operator&=(integer& left, 
const integer& right) { 
if(&left == &right) {/* self-assignment */} 
left.i &= right.i; i 
return left; 
} | 
integer& operator|-(integer& left, 
const integer& right) ( 
if(&left == &right) {/* self-assignment */) 
left.i |- right.i; 
return left; 
| 
integer& operator>>=(integer& left, 
const integer& right) { 
if(&left == &right) {/* self-assignment */) 
left.i >>= right.i; 
return left; 
) 
integer& operator<<-(integer& left, 
const integer& right) { 
if(&left == &right) (/* self-assignment */) 
left.i <<= right.i; | 
return left; 
} 
// Conditional operators return true/false: 
int operator==(const integer& left, 
const integer& right) { 
return left.i == right.i; 
) | | 
int operator!=(const integerš left, 
const integer& right) { 


return left.i != right.i; 


int operator<(const integer& left, 
const integer& right) { 


return left.i < right.i; 


int operator>(const integer& left, 
const integer& right) ( 


return left.i > right.i; 
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int operator<= (const 
const 

return left.i <= 

int operator>= (const 
const 

return left.i >= 

int operator&& (const 
const 

return left.i && 
int operator| | (const 
const 


return left.i || 


integer& 
integer& 
right.i; 


integer& 
integer& 
right.i; 


integer& 
integer& 


right.i; 


integer& 
integer& 


right.i; 
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left, 
right) { 
left, 
right) { 
left, 
right) { 
left, 
right) { 


void h(integer& cl, integer& c2) { 
// A complex expression: 
cl += cl * c2 + c2 % 
define TRY (op) \ 


"ol = "; cG1.print (out); \ 


CL: 
out << 


out << ", c2 = "; c2.print(out); \ 
out 
(c1 


out 


<<"; cl" kop " c2 produces ";\ 


op 


<< 


c2).print(out); N 

endl; 

TRY (+) TRY(-) TRY(*) TRY(/) 

TRY (4) TRY(^) TRY(&) TRY(|) 

TRY (<<) TRY(>>) TRY (+=) TRY (-=) 
TRY (*=) TRY(/=) TRY ($=) TRY (°=) 
TRY (k=) TRY(|-) TRY(>>=) TRY (<<=) 
// Conditionals: 

#define TRYC(op) \ 


out << "cl = "; cl.print(out); \ 

out <<", c2 = "; c2.print(out); \ 
out <<"; cl." fop " c2 produces ";\ 
out << (cl op c2); \ 

out << endl; 


TRYC(<) TRYC(>) TRYC(==) TRYC(!=) TRYC(<=) 
TRYC(>=) TRYC(&&) TRYC(| |) 


// Member operators (implicit "this"): 
class byte { // Combine this with UNARY.CPP 
unsigned char b; 
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public: 
byte (unsigned char B = 0) : b(B) {} 
// No side effects: const member function: 

const byte 
operator+ (const byte& right) const { 
return byte(b + right.b); 

) 

const byte 
operator- (const byte& right) const { 
return byte(b - right.b); 

} 

const byte 
operator* (const byte& right) const { 
return byte(b * right.b); 

) 

const byte 
operator/ (const byte& right) const { 
allege(right.b != 0, "divide by zero"); 
return byte(b / right.b); 

) 

const byte 
operator% (const byte& right) const | 
allege(right.b != 0, "modulo by zero"); 
return byte(b % right.b); 

) 

const byte 
operator“ (const byte& right) const. | 

right.b) ; 


A 


return byte (b 

) 

const byte 
operatorš (const byte& right) const { 
return byte(b & right.b); 

} 

const byte 
operator| (const byte& right) const { 
return byte(b | right.b); 

) 

const byte 
operator<< (const byte& right) const ( 
return byte(b << right.b); 


} 

const byte 
operator>>(const byte& right) const { 
return byte(b >> right.b); 
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// Assignments modify & return lvalue. 

// operator= can only be a member function: 

byte& operator=(const byte& right) { 
// Handle self-assignment : 
if(this == &right) return *this; 
b = right.b; 
return *this; 

} 

byte& operator+=(const byte& right) { 
if (this == &right) {/* self-assignment */) 
b += right.b; 
return *this; 

) 

byte& operator-= (const byte& right) { 
if(this == &right) (/* self-assignment */) 
b -= right.b; 
return *this; 

) | 

byte& operator*-(const byte& right) { 
if (this == &right) (/* self-assignment */) 
b *= right.b; | 
return *this; 

) 

byte& operator/= (const byte& right) { 
allege (right.b != 0, "divide by zero"); 
if (this == &right) (/* self-assignment */) 
b /= right.b; 
return *this; 

| 

byte& operator$-(const byte& right) { 
allege(right.b != 0, "modulo by zero"); 
if(this -- &right) (/* self-assignment */) 
b = right.b; 
return *this; 

) 

byte& operator^-(const byte& right) { 
if (this == &right) (/* self-assignment */) 
b *= right.b; 
return *this; 

} 

byte& operator&=(const byte& right) { 
if (this == &right) (/* self-assignment */) 
b &- right.b; 
return *this; 


byte& operator|= (const byte& right) ( 
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iE (this == &right) (/* self-assignment */) 
b |= right.b; 
return *this; 
} 
byte& operator>>-(const byte& right) { 
if(this -- &right) (/* self-assignment */) 
b >>= right.b; | 
return *this; 
} 
byte& operator<<=(const byte& right) {| 
if (this == &right) (/* self-assignment */) 
b <<= right.b; 
return *this; 
} 
// Conditional operators return true/false: 
int operator==(const byte& right) const { 
return b == right.b; = 


int operator!=(const byte& right) const { 
return b != right.b; 


int operator<(const byte& right) const { 


return b < right.b; 


int operator>(const byte& right) const { 
return b > right.b; 


int operator<=(const byte& right) const { 
return b <= right.b' 


int operator>=(const byte& right) const { 


return b >= right.b; 


int operator&&(const byte& right) const { 
return b && right.b; 


int operator| | (const byte& right) const { 
return b || right.b; 


// Write the contents to an ostream: 
void print (ostream& os) const | 
os << "0x" << hex << int(b) << dec; 


) 
); 


void k(byte& bl, byte& b2) { 
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bl = bl * b2 + b2 % bl; 


#define TRY2 (op) \ 

out << "bl = "; b1.print (out); N 

out << ", b2 = "; b2.print(out); \ 
out <<"; bl" fop " b2 produces ";\ 
(b1 op b2).print (out); \ 

out << endl; 


bl = 9; b2 = 47; 

TRY2 (+) TRY2(-) TRY2(*) TRY2(/) 

TRY2 ($) TRY2(^) TRY2(&) TRY2 (|) 

TRY2 (<<) TRY2 (>>) TRY2 (+=) TRY2(-=) 
TRY2 (*=) TRY2 (/=) TRY2(%=) TRY2 (C=) 
TRY2 (k=) TRY2(|=) TRY2 (>>=) TRY2 (<<=) 
TRY2 (=) // Assignment operator 


// Conditionals: 
#define TRYC2(op) \ 


out << "bl = "; bl.print(out); \ 
out << ", b2 = "; b2.print(out); \ 
out << "; bl " Hop " b2 produces ";\ 


out << (bl op b2); \ 


out << endl; 


bl = 9; b2 = 47; 
TRYC2 (<) TRYC2(>) TRYC2 (==) TRYC2(!=) TRYC2 (<=) 
TRYC2 (>=) TRYC2(&&) TRYC2 (||) 


// Chained assignment: 
byte b3 = 92; 
bi = b2 = b3; 


main() { 
integer c1(47), c2(9); 
h(cl, c2); | 
out << "\n member functions:" << endl; 
byte b1(47), b2(9); 
k(b1, b2); 


} 


1000000 = HUUUUOUUUOUUUOUOUUOUOU 

UOLÖUUHUUUUÖUUUUUUUHUUUUUHUUOUUUUOUUHUUOUUUOUTE Gelf- 
assignment)|] JU UUOUUUUUUUUUUUUUUUUUU’ + O A--AU UO AU 
UNUIUUUNIUUUUUUDUUUUUUuU =UUUUUUUUUUUUUUUUUUO 
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UNnIUUUNnuUuUUDuUuUDuuUUunuUuUuuuUuuu = UUUUUUUULU 
JUIUUUUUUUUDUUUDDUUUUUUDUDUUDUDUUUDDUUUUUUULU 

O0“ UUUUUUUU'UDUUDUUDUUUUUUUUDUUUUUUUUUDUUDUUUUUU 

JUIUUIUOUUUUDDUUUUDDUUUUUUDUUDUUUDUDUUUU 


11.33 OUOUOUUUU 


O O O UNARY.CPP[] BINARY.CPP] jl I I I I I dI iu FI i i i I i i i Fi II Ii I'L 
UIDUNUNHUUUUUDDDDDDDUUDDUDDUDDUDUHNHDDDHUUUUUUUUDDDDDDUUOUL 
HOOUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUo 

DOÖLOÖKOUÖUUUOUOUOUOUUUUOUOUODOUOUUUUOUUOUOUUUULIE consd] UOD 
HOUOUUUUUUUUU +H -OTOODODOUOUOUOUUUUUUOUUOU LL consd] I IDI LI Ll 
HOUUUUUUUUUUUUUUUUUUUUUO consd] I I i I Il i i I i Il i UI. LU 
UDDUDD L (operator-assignmentf] []--U 0 000° =OUOUUUUUUU UL constant] 
HOUOUUUUUUUUUUUUUUUUUUO 

YOUUUOUHUHUUUUUUUUUUUUUUWUUUUUUUUUUUUUUUUU 
HOHHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoo$ 
integer::operator+[] |] UU UUUUUUUUS integer UU UUUUUUUO const UDUL 
HOOUOUUUUUUUUUUUUUUUUO 

AIYOUUUUUUUUUUUUUUUUUUUUUUUUUUUE AoA-B-C[D U U 0 0 
OOOOOO0OOUOOUOOUOOUOUOUOOUULL consti O nonconst] I I I I. Ll 
UINDUNHD A=B=CIOOUÖHOÖUOUÖBUUOUUUOUUUOUOUUOUOUUOUOUUOUOUUNU 
nonconstt}}TOUOUUUUVUVUUUUUUUUUUUUUUUUUUUUUUOUUO 
O A=B[] fool] LOU O BUOUU AU UU fo TOUUUUUUUUOUUUUUUUUUUUU 
nonconst[] [] [] 

4)UHUUHUUUUUUUUUUUUUEY mtQOUU0U0U0O borp OOUDOUN 
HOU cüU boo] UUUUUUUUUU YE ind] typedef O 0O WW 

NJUUUUUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOo$ 
HOUUUEUUUUUUOUE cosi I I i Il I UI Uu I I Uu hil I Uu ui l lU UI Ii Yi hi I LU 
UDnngugugungnnnunu *thispOOOUUUUUUUUUUUUUUUUUUUUUUUUU' 
INUNHDUDDUUUUUNHDDUDDUDUUUUDNHDDUDDUUUDUDNHNHDDDDDOL 
UOHLUUOUOUUOUUUUUUUUUUUUUUOULULL mll eol i ll Il Il I II I ILL 
OOOO Gterator) J UI UU DI diu ui di i i i I I EI E.E]. consth O O UU O nonconst[] [] 
UOULUUUUUUUUUUUUUUUUDL C>A)fooOll U foeOll 00 A I EI LI LI I LL 
(A++).fo0()(]) foo IJ HUUUUUUUU dU I diu ul Ii 9 I I I I Yi I I i i i i I. const) 
UOÖHÖGHUUOUOUOUOUUUUOUOUOUUOUOUU UL censdllÌl]lllUlGillunnunununuwun 
HOOUOUUUUUUUUUUUUUUUUUUUUUUUUo 

1. const] JU UUUUU 

0 const] ll I I I Ilu Fu I I Ui i Fi uu Uni i i Il i Ii Il ui uii uii Pu i i i il II Ii I'L 
UIn-TNnDnHDDDUDDDfA-BDDDDUDDA-BUDUIDDUDDDDUUDDDDUNHUD 
UODLOLÖUÖUÖUOUOUOUOUOUUOUULOUUL const VUUUUUUUO const] I UI DI I LL 
HOO 
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JUIUUUUUUDUUDD ABU OUUUUUUUUUUUUUUUUUUUUUO 
U (A7B)gOD UU gQ)U integer OOUUUUUUUUUUYE const I U Uu UU I Uu J.L 
consti VU UUUUUUUUU censdÌ I UU 3 UU Uu Uu Uu UU uu Uu Ui Ui Uu Uu. UU 
JUIUDUUUUDDOD 

2. 0 0 OL 

JUIUUIUIUUDUUUUUDDUUUUDDOUDUUUUUDUUUUUUUUUD “LU 


return integer (left.i + right.i) ; 


IUUuuUuuuuu Unuuuuuuuu'uUuuuuuuuuuuuuuuunouu 
HUHUUUUUW Uuuuuuuuuuuuu'uuuuuunuuuunuuuunuumu 
IDuunuunuunuunuununnuununnunnunnnuuunnuununnunnun 
HOU mpd UUUUUUUUUUUUUUUUUUUUUUUUUUUO tmp UUL 
HUHUUUUUUUUUUUE tmp UUUUUUUUUUUUUO 

integer tmp(left.i + right.i) ; 

return tmp ; 

UUW uUuUUuUuu'uUuuuuuuuuuuuuuuuuuuununuuunuunuu 
HOUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUoo 
IUnlnluuunnuunununuunnuuunnununuuuunnnuunnunnunrn 
InluUununnunnuunuunununuunuununnunnnunuuwn 


11.3.4 DOOUUUUU 


HOUUUUUUUUUUUUUUUUUUUO 

12000064 TY UUUDUUUUDUUUUUUUUUDUUUUUUUDUDUUUUD 
IUlnlnnuumuuuuUunnnuuuuuuunuuuuuuunnunuuunnuunoun 
IUlnlunluuuunnuuuuunnumnuuu 

IUUnlnDuuuuuuunnuuuuunuuunnnuunuuuuunnnuuwmuu 
IUlDlUIuHuuunuu.uuuuuuuuuuuununnnnnnunuuuuuuwunu 
IUlnlnnuuuuuuUunnnuuuuuuunuuuuuuunnnuuuumnuunoun 
UUlnuumuuunwun 

//: COMMA.CPP -- Overloading operator, 

#include <iostream.h> | 





class after ( 
public: 
const after& operator, (const after&) const { 
cout << "after: :operator, ()" << endl; 
return *this; 
} 
JE 


class before (); 


before& operator, (int, before& b) { 
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cout << "before::operator, ()" << endl; 
return b; 


} 


main() { 
after a, b; 
a, b; // Operator comma called 


before c; 
1, c; // Operator comma called . 


} 


IUDluUunuunuunnununuunuunuunuunuununnunnunwn 
IUnlnuuunnuuunuuunuununuunununununuununuumunnnu 

HOU OUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUO 
IUlUluUuunnuuuunnuuunnununnununnununnununnmunnn 
IDlnuununun 

HOU newl] deletei I I I UI I i UI Ui Uu i I i I i i i uu Dn Ui Uu i i Ii Uu i. 

Inu-e>*UUuUuuunuuuuunnnnnnuunuuuunuuuuuunnnnnun 
OUUU 

UUGLÖUÖUUÖUUUUUOUUUUUUOUOUUOUDD (smaròt OU --UUUUUDLDLU 
UOLUUUUÖUUUUUU UUUUUUUOUOULI iterator I I UI Ui Ii Il UI I LL 
INnlnuuunnuununnuuunnununnuuunnununnunnnnmunnn 
IUnlUuunnuunnuuunuuunutmnnunnunnnunnnuunnunonnmn 

INnlnluUuunnnuuunuuuununuuunnununuumununnununn 
IUlunuunnnuuuunnuuunnnnnuuuuuuunnnuuumnunuunnwnun 
HOUUUUUO 

//: SMARTP.CPP -- Smart pointer example 

#include <iostream.h> 


#include <string.h> 


class obj { 
static int i, j; 
public: 
void £() ( cout << i++ << endl; ) 


void g() { cout << j++ << endl; } 


E 


// Static member definitions: 
int obj::i = 47; | 
int obj::j = 11; 


// Container: 
class obj_container { 


enum { sz = 100 }; 
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obj* a[sz]; 
int index; 
public: 
obj container() { 
index - O; 
memset (a, 0, sz * sizeof(obj*)); 
) | 
void add(obj* OBJ) { 
if(index >- sz) return; 
alindex++] = OBJ; 


} 


friend class sp; 


ka 


// Iterator: 
class sp { 
obj container* oc; 
int index; 
public: 
sp (obj container* OC) { 


index = 0; 


// Return value indicates end of list: 
int operator++() { // Prefix 
if (index >= oc->sz) return 0; 
if (oc->a[++index] == 0) return 0; 
return 1; 
} | 
int operator++(int) { // Postfix 
return operator++(); // Use prefix version 
| 
obj* operator->() const ( 
if (oc->alindex]) return oc->a[index] ; 
static obj dummy; 7 


return &dummy; 
) 
); 


main() ( 
const sz = 10; 
obj olsz]; 
obj container OC; 
for(int i = 0; i < sz; i++) 
OC.add(koli)); // Fill it up 
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sp SP(&0C); // Create an iterator 

do { | 

SP->f(); // Smart pointer calls 
SP->g(); 

} while (SP++) ; 


) 


Uo I i I iu I I iu Ii i Il I i fOU gOlI i UU Uu Ii Uu i il Ii IU i i iu I I LI 
obj_container[] JU add()UOUUUUUUUUUUUUU obj_containeri O 1 1. LÌ.Ll 
obj_containerl] OO I UI Ui I I i Ui lUi uu uu i hi il Ui ui uu ui i i I I Ii I LII spl LI LU 
frendi OO UU i Uu U3U U«UNI UU UU JI sr IU UUN UU Uu Uu I m— U UU UU UU 
+H DUUUUUUUUUUUUUU -MUUUUUUUUUUUUUUUUUUUOo 
HOUUUUUUUUUWUUUUUY aeron) DUUUUUUUU—UUUUUO 
O0“ O00000” VOUUUUUUUUUUUU) I0 00000 

Ll main O) Il i I i 3 Oc ob} JUOUUUUUU sPL LI UI UI UI uu I i i Ii I I ìi 
HOUUU 

SP->f( ) ; /Smart pointer calls 

SP->g() ; 

UOUUU SPHHUUUUUUUUU fO UsOUUUUUUUUUYE ob *UUUUUUU 
obj* [| O O sp::operator->LF] WU UUUUUUUUUUUUUUUUUUUO 

IUlUunuununuunuunununnunuunuununununuu-Uuunununu 
HOUÖOUOUHU 


11.35 HTOOUOUUUO 


JUIUDUUDUDUUDUUUDDUUUUUUUUDUUDUUDUDUDUUUDUUUu 
JIUDUUUUDUUDUDUUDDUUDDUDUUUUUUUUUUUUuUDUuDUDuno 
JUUUUUUDUD 

UUIUUUDUUuUu'. UUUUUUUUUUUUUUUUDUUUUUUUUUuLu 
JUIUUUUUUUUDUUUUDDUODUUUUDUU>UUunu 

UNnIUUDUUUDuuuU * UUHUUU'.- UUUUUUUUUUD 

JUIUDUDUDUDDDOUUUUDUDU FotranQQUUUUU *UUUUUUUUUO 
10008 CUUUUUUUUU c+ 
JUIUUUUUUDUDUDUUUNUOUOUUUUUUUUUUUUDUUDUuUDUwuno 

JUUUUUUUDUUDUUDDUUUUUUUUDUUDUUDUUDUDUUUUUUUuu 
JUIUUUUUUUuUUuDnununuUuUnDnuunuuuno 

JUIUUIUUUUUUUUDDUUUUUULU 


11.4 OOUOUU 


JUUUDUUDUUUUUDDUUDUDUUDUUUUUDUUUDUDUUDUUDUU 
UUUUUUUUUW UUUDUUDUUU”UUUUUUUUUUUUUDUUUUUU 
JUIUUDUUUUUUDUDUUDDUUDUDUDUUUUUUUUUUuDUnuUDuDuwuunob 
UOUUU 
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HOUUUOUUOUOUOU —m—OUUDUUUUUUUUUUUUUUUUUUUUUoUoo 
iostreams[] [] (0]0 0 << >>O OD 


//: IOSOP.CPP -- Iostream operator overloading 
// Example of non-member overloaded operators 
#include <iostream.h> 

#include <strstrea.h> 

#include <string.h> 

#include "..\allege.h" 


class intarray { 
enum { sz = 5 }; 
int i[sz]; 
public: 
intarray() { | 
memset(i, 0, sz* sizeof (*i)); 
) 7 
int& operator[] (int x) { 
allege (x >= 0 && x < SZ, | 
"operator [] out of range") ; 
return ilx]:; | 
) 
friend ostream& 
operator<<(ostream& os, 
const intarray& ia); 
friend istream& 
operator>>(istream& is, intarray& ia); 


); 


ostream& operator<< (ostream& os, 
const intarray& ia) { 

for (int j = 0; j < ia.sz; j++) { 

os << ia.iljl; | 

if(j != ia.sz -1) 

os << ", "pg 

} 
os << endl; 


return os; 


} 


istream& operator>>(istream& is, intarray& ia) { 
for(int j = 0; j < ia.sz; j++) 
is >> ia.i[j]; 


return 18; 


main () { 
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istrstream input("47 34 56 92 103"); 


intarray I; 





input >> I; 
1[4] = -1; // Use overloaded operator[] 


cout << I; 


) 


HOHOUUDUUUUUU DUUUDUUUUUUUUUUUUUUUUUUUUUoUUo 
HOUUUODUUUUOU 

[4] = -1 ; 
HOHUUUUUUUUUUUOUUOUUUUUUUUUUUOO 

IIDIDUIUDNDIUDDUDDUDNDIUUDUDUDUODDDUUDDUDUDDUDDDDUDDUUDD 
1000 


os << ia.i[j] ; 


HOUUUUUODOUUUUUUUUUUUUO TOSTREAM. AU OU WUUUUUUUOUOU$U 
Il O LI U U ostream& operator<<(ostream&,int)[] O O OU U 141510] O U intl] U 
HOUUGUOUO YG istream] ostream] OO O I I i I i il Ul i il iu II Il Il I Ii Ui I. 
UO 
HOUUOUOUUUUUOOUUUUUUUUUUUUUUUUUUUUUUUUUoOoU$ 
HOUUUUUODUUUUUOUUUUUUUOUUUUO 


DUOL 
Mary "QO UUUUUUUOUUUUUUUUUUUUO 
000 0000 
00000000 To 
ey 00000 
+= -= f= = ^— 
k= |= %= >>= <<= Uu 
000000000 000 
115 OOUUUL 


HUUUCHOUUUUUUUUUUUUUUUUU’ = UUUUUUUHUHUUUUU 
IUUuuuuunuunuunuununuu'- UUuuuuuuuuuuuuunuuuuu 

foo B ; 

foo A=B; 

A=B: 

UW2HUUUUU AUUUUUUUUUUUUUUUUUUUUUUUUUUUY8 CL 
HOUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoo 
HOUUUUUUUU AUUUUE foo VUUHUUUUUUUUUUUUUUUUUUUO 
HUQUUOUUUUU’ -UUuuuuuuuuuuwuwu 


[1] Rob Murray, C++ Strategies & Tactics, Addision-Wesley, 1993, page 47. 
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013300000000 = UDUUUUIUUUUDUUUUUUUUUDUUUUUDUL 
OUOOGHUUÖUUOUUOUHUUUOOUD ALT foo::operator-[] [] foo::operator-[] O O O DO 
JUIUUUUDDUUUDUDUDUUUDUDUUL operator-[] O L 

UIUUnUuDuUuuUuDUuUuDUUUUuuUUuuHUuuuuUu' = UUUUUUUUDULl 
JUIDUIUUUDUUUUDUU-UUUOUUUUDUUUUUUUUUDuUuunuwnu 


//: FEEFI.CPP -- Copying vs. initialization 





class fi ( 
public: 

fil) () 
); 


class fee { 
public: . 
fee(int) {} 
fee (const fi&) {} 


}; 


main() { 
fee £ = 1; // fee(int) 
fi FI; 
fee fum = FI; // fee (fi) 


) 


UOU = UIUDUUUUUDUUUUUUUUUUUUUUUUUDUUDUUD 


HOUUUUUUU’ =L 
10000000 = UUUUUUDUUUUUUuUuuUuuunuUuuuUuuuuuuu 


UOUUU 


fee fum(Fi) ; 


HUHUUUOUUUUUUUUY 
0200 = OULD 


0 BINARY.CPP]] 10000000 = UUUUUUUUOUUUU’ = OOUUUU 
IUUuuunununuuunuuuunuu'-Uuuuuuuuuuuuuuuu'-Uu 

int operator=(int,foo) ; // global = not allowed! 
IUUUUDUUDUuUUUUUUUUUH'- UUUUuHUuuuuuunoD 

10000000 = UUUuuuuuuuuunuunguuuunununun”ouu'mu 
HOUUUUUUUUUUO 

//: SIMPCOPY.CPP -- Simple operator=() 


sinclude <iostream.h> 


class value { 


int a, b; 
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float c; 
public: 
value (int A = 0, int B = 0, float C = 0.0) ( 
a = A; 
b B; 
C Ce 
) 
value& operator= (const value& rv) { 
a = rv.a; 
b = rv.b; 
6 = IV.C} 
return *this; 
} 
friend ostream& 
operator<<(ostream& os, const value& rv) { 


return os << "a = " << rv.a << ", b=" 
<e rv.b << ", c= " ec rv.c; 
} 

Y 
main() ( 

value A, B(1, 2, 3.3); 

cout << "A: " << A << endl; 

cout << "B: " << B << endl; 

A = B; 

cout << "A after assignment: " << A << endl; 


} 


UUW = QVUDUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOO 
HOUUUUUUUUUO 

Inlnuuunnuuunnuuununuuunnunuuunnnununununnunu 
O O O self-assieamen)] I I I Uu UI Ui uu i i i uu Ri i uu I i i i uu Tn Yi UI i Ii I I. LL 
INnlnluuunnuununnuuuunununnunuunnununnununnunn 
IUluUunnuunuunununuununnun 

1.0 00L 

OOUUOOOUUOOOOUOUUOOUUUUUUUUOOOUOUUOUOUUUUUUUU 
INnlUluuunnuununnuuuunnuununnuunuunnununnununnunn 
HOUUUUUUUO 

IUnlnluuunnuuunnuununnuuununumuunnnununnuuunnunu 
IUluUunnuunuunuunuunununnu 

//: COPYMEM.CPP -- Duplicate during assignment 

#include <stdlib.h> 

#include <string.h> 


#include "..\allege.h" 
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class withPointer ( 
char* p; 
enum { blocksz = 100 }; 
public: 
withPointer() { 
p = (char*)malloc (blocksz); 
allegemem(p); 
memset(p, 1, blocksz); 


withPointer(const withPointer& wp) { 
p = (char*)malloc(blocksz); 
allegemem (p) ; 
memcpy(p, wp.p, blocksz) ; 


withPointer& 
operator=(const withPointer& wp) { 
// Check for self-assignment : 
if(&wp != this) | 
memcpy (p, wp.p, blocksz) ; 
return *this; 


} 


~withPointer() { 
free (p); 


} 
); 


main() () 


JUIUUUDUUUUUUUUUuuUuuUuuUuunu 4UUUUUUUUUUUUOo 
UNUIUUUUUDUUDU'-UUUUUUUUUUUUUUUUUUUUUDU'- U 
JIUUUUUDUDUUUUDUDUDUDUDUUUUUUUUDUuUUuUuuoDuuunob 
UUUUUUUUUY 

UNnIUUUIUUUUUUUUUUUUDUUDUUUD' = UUIUUUUUDUUUUL 
JIUDUUUDUDUUUUDUUDUDUDUUUUUUUUDUDOUUUDUUDD 
HOUOUUUUUUUUUUY Geferencecounting)l I Il IU HU I LU I Uu 1 I I Ui. 
JIUUUUDUDUDUDUUDUDUUDUDUDUUUUDUUUUDnUuunuguuoDuuunoD 
JUIUUIUUUDDOUOUUUUDUDDUUUUDUUOIUUUUUUUuDu 

JUIUUUDUDUUDUUDDUUUDUUUUDUUDUUDUDDUDUDUDUUUL 
UIUUUUDUDUDUUDUUDUUUDUDUDUUUUDUUUUunUunuuuouuuunoD 
OUOUHOUOULD copy-on-wrtol] ll llu UU UU UU Uu Uu BU iu u Ua i I Uu iL 
JUIUUUUUUUUUD UUUDUUUDUUUUUUDUDUUDUUDUUUDUUDUUD 
JUIUUUUUUDUUUUDUDUDUUDUUL 


//: REFCOUNT.CPP -- Reference count, copy-on-write 


#include <string.h> 
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tinclude <assert.h> 


class counted { 
class memblock { 
enum { size = 100 ); — 
char c[size]; 
int refcount; 
public: 
memblock() { 
memset(c, 1, size); 
refcount = 1; 


} 


memblock(const memblock& rv) { 
memcpy(c, rv.c, size); 


refcount = 1; 


void attach() { ++refcount; } 
void detach() { 


assert (refcount != 0); 
// Destroy object if no one is using it: 


if (--refcount == 0) delete this; 
int count() const { return refcount; } 
void set(char x) { memset(c, x, size); } 
// Conditionally copy this memblock. 
// Call before modifying the block; assign 
// resulting pointer to your block; 
memblock* unalias() { | 
// Don't duplicate if not aliased: 
if (refcount == 1) return this; 
--refcount; 
// Use copy-constructor to duplicate: 
return new memblock (*this) ; 
bo, 
) * block; 
public: 
counted() { | 
block = new memblock; // Sneak preview 
) 
counted (const counted& rv) { 
block = rv.block; // Pointer assignment 
block->attach(); 
) 
void unalias() ( block = block->unalias(); ) 


counted& operator= (const counted& rv) { 
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// Check for self-assignment: 

if (rv == this) return *this; 

// Clean up what you're using first: 
block->detach () ; 

block = rv.block; // Like copy-constructor 
block->attach(); 

return *this; 


) 
// Decrement refcount, conditionally destroy 
~counted() { block->detach(); } 
// Copy-on-write: 
void write(char value) { 
// Do this before any write operation: 
unalias(); 
// It's safe to write now. . 
block->set (value); 


) 
); 


main() ( 
counted A, B; 
counted C(A); 
B = A; 
C = C; 
C.write('x'); 


) 


O O O memblock] I ll I I I iu diu Y I EI Ui I I I blokTOUUOUUOUUUUUUUU 
INDUHDUDDUUUUDHDDUDUDDDUUUUDUDNHDUDUDDDDUUUDNHDUHUDULD 
UOUUUOUOU0 00 0 memblockl] 

O O attach) O UU memblockl] VUUUUUUUUUUUCUUUUUUE detach CL] 
UOHLUUUUUUUUUOU OONOUUUUUUUUUUUUUUUU UU delete this O O LL 
HOUOUUUUUU 

HOUUO sett(OUUUHUUUUUUUEUUEUUUUUUUUUUUUUUOUU 
memblock{] O O U U UU U U U connted::unalias( )[] connted::unalias( )[] [|] memblock::unalias( 
‘MOO0OOUOUOUOUOUOUOUUUU WUUUUUUUUUUUUUUUUOUUWUUUoUoUoo 
O O block] I I I dI I UI I UI I 3 UI Ii I UI I Ii PI Il I'L 

UOHHUUUUUUUUUUUDL C++ UU newl] delete[] O CHO UU malloc( )[] free( )[] 
UUUUUUUUUUUUUUUOUD newWOUUUUUUUUUUUUUY delete] O LL 
UHHUHUHUUUUUUUUUUUU UU new Ll delete[] malloc( )[] free()[] Ll Ll 

HOUOUUUUUUYE blockii O block] I ll Il I UI Ul I i i i Ul Ii i Ii i i Il Il I'L 
UOHUUUUUUUUUUUUUUUULUD memblock:atach)l] OUUUUU 

HOU’ = 00 = JUUUUUUUUUUUUUU UL memblock[] [] detach( )[] [] 
OÖLÖUÖUUUUUUOUUUUUUOUUOUUUUOUU UL memblockl] UUUUUUUUE 
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"= IUlUIUDUUIUUUUDUNUIUUUUDUUUUUUUDUUUUDDOL 

IDDL detach()O O O 0 U O memblock[] 

HHOHUHUUUUUUUUOUUOUDUUUUUUUUUUUUUUUUUUUUUUUOUo 
OOOO“ IUUIUUUUUDUUUUUU"” UDUDUDUU writeOUUUUODUUUUE 
HOUOUUUUDUUUOUU uaiasOl Il I I UU Il IU UI I u IU I i Ii i Uu I I I LU 
UD DL 

O man) Il I I IU Il IU LUI UI I iu 5UI I Uu I li i iu UBUUUUINUDDLD 
= Q000 000 main O00000 Cou writeOUOUUUUUUU0 COUUUODL 
0 AUOUUU 

2.0000 

IUDIDIDIUUDIDUUDDDUUDDDUDUDUODDDUUDDDUDUUDUDUUDDL 
UO UO UU REFCOUNT.CPPT [I UDDULD 

//: RCTRACE.CPP -- REFCOUNT.CPP w/ trace info 

tinclude <string.h> | 





tinclude <fstream.h> 
#include <assert.h> 


ofstream out("rctrace.out") ; 


class counted | 
class memblock { 

enum { size = 100 ); 

char c[size]; 

int refcount; 

static int blockcount; 

int blocknum; 

public: 

memblock() ( 
memset(c, 1, size); 
refcount = 1; 
blocknum = blockcount++; 

) 

memblock (const memblock& rv) ( 
memcpy(c, rv.c, size); 
refcount = 1; 
blocknum = blockcount++; 
print ("copied block") ; 
out << endl; 
rv.print ("from block") ; 

) 

-memblock() { 

out << "\tdestroying block " 
<< blocknum << endl; 


} 


void print (const char* msg = "") const { 
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if(*msg) out << msg << ", "; 
out << "blocknum:" << blocknum; 
out << ", refcount:" << refcount; 


} 


void attach() { ++refcount; } 
void detach() { 


assert (refcount != 0); 
// Destroy object if no one is using it: 
if (--refcount == 0) delete this; 


) 


int count () const { return refcount; ) 
void set(char x) { memset (c, x, size); ) 
// Conditionally copy this memblock. 
// Call before modifying the block; assign 
// resulting pointer to your block; 
memblock* unalias() { 
// Don't duplicate if not aliased: 
if (refcount == 1) return this; 
--refcount; 
// Use copy-constructor to duplicate: 
return new memblock(*this) ; 
} 
) * block; 
enum { sz = 30 }; 
char id[sz]; 
public: 
counted (const char* ID = "tmp") ( 
block = new memblock; // Sneak preview 
strncpy (id, ID, sz); | 
} 
counted (const counted& rv) { 
block = rv.block; // Pointer assignment 
block->attach(); 
strncpy(id, rv.id, sz); 
strncat(id, " copy", sz - strlen(id)); 
) 
void unalias() { block = block->unalias(); ) 
void addname(const char* nm) ( 
strncat(id, nm, sz - strlen(id)); 
| 
counted& operator= (const counted& rv) { 
print ("inside operator=\n\t") ; 
if(&rv == this) { 
out << "self-assignment" << endl; 
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return *this; 
} 
// Clean up what you're using first: 
block->detach () ; | 
block = rv.block; // Like copy-constructor 
block->attach () ; 
return *this; 
) 
// Decrement refcount, conditionally destroy 
~counted() { 
out << "preparing to destroy: " << id 
<< endl << "\tdecrementing refcount "; 
block->print () ; 
out << endl; 
block->detach(); 
) 
// Copy-on-write: 
void write(char value) ( 
unalias(); 
block->set (value); 
) | | 
void print (const char* msg = "") ( 
if(*msg) out << msg << " "; 
out << "object " << id << ": "; 
block->print () ; 


out << endl; 


} 
Ì; 


int counted::memblock::blockcount - O; 


main() ( 
counted A("A"), B("B"); 
counted C(A); 
C.addname(" (C) "); 
A.print () ; 
B.print (); 
C. print (); 
B = A; 
A.print ("after assignment\n\t") ; 
B.print(); | 
out << "Assigning C = C" << endl; 
C = i 
C.print ("calling C.write('x')\n\t"); 
C.write('x'); 
out << endl << "exiting main()" << endl; 
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U O memblock[] O O U staticl] O O O blockcoun] I ll I Uu UU Uu UU UU UI UI. 
UOÖLOUHLOUUÖUUÖUUUUHUUHUUHOUOHOUOUDD blocknumn] [II I Uu UU hi UU. UU 
JUIUDOUUDUDUDUpdiODIlUTIUunUuunuwnu 

UH countedl] WUUUUU diad DU I Uu UU counted I Ii Uu UU I I ì'U 
memblockl] I i Il i I. blockW JVHUOQUUUUUUUY memblockl O 0O I UI I I.D 
UUIUUNUUUUUUUDU” copy” I IU UU UU UI UUN I U UU... addname O) I UL 
JilDlUlUUlUDUUuUuUuUuDuuDnnuUuunuoDunuuuuoSnuuuuuuuunob 
UOUUUUU 

HUOUOUUUOU 


object A: blocknum:0, refcount:2 





object B: blocknum:1, refcount:1 
object A copy (C) : blocknum:0, refcount:2 
inside operator= 
object B: blocknum:1,. refcount:1 
destroying block 1 
after assignment 
object A: blocknum:0, refcount:3 — 
object B: blocknum:0, refcount:3 
Assigning C = C 
inside operator= 
object A copy (C) : blocknum:0, refcount:3 
self-assignment | 
calling C.write('x') 
object A copy (C) : blocknum:0, refcount:3 
copied block, blocknum:2, refcount:1 
from block, blocknum:0, refcount:2 
exiting main() 
preparing to destroy: A copy (C) 
decrementing refcount blocknum:2, refcount:1 
destroying block 2 
preparing to destroy: B 
decrementing refcount blocknum:0, refcount :2 
preparing to destroy: A | 
decrementing refcount blocknum:0, refcount:1 
destroving block 0 


IUlnluuunuuuunuuuunnuuunuuunnununnunununD 

3.1[000000 = 

HUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU 
type::operator=(type)] VU UU UU Uu Dl Ui Uu i Ui iu i u Tî" i inuununuuunu 
HUYVUUUUEUUUUUUUUUUEUUUUWUUUUUUUUU = UDUUUunD 
HO UO OU UO OU ULU Gmemberwise assignment)[] [ll OU OU 

//: AUTOEQ.CPP -- Automatic operator=() 

#include <iostream.h> 
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class bar { 
public: 
bar& operator=(const bar&) { 
cout << "inside bar: :operator=()" << endl; 
return *this; 
) 
); 


class foo { 
bar B; 


bi 


main() { 
foo a, b; 
a = b; // Prints: "inside bar::operator-()" 


) 


0 fo]0000000 = [[ bar::operator=[] 

HUUUOUUUUUOUUUUUUUUUOUUUUUUUUUUUUUUUUUWooo$ 
10000000U000 =UUUUUUUUUUUUUUUUUUUUUO’ = 000 
private] JIU UU UU UI I I Ii I ii uii uu Fu I I I EL 


11.6 JOUÖUOUHU 


UCUHC+HHUOUUOHUUUUUUUUUUUUUUUUUUUUUUUUUUUoo 
JUIUUUNUIUUUUUUUcHuHUUIUUDUUUDUDUUDUDUUDUDUUUUUUD 
JUIUUIUUUUDUUUUDDUUUUUDDUUUUUDUUDUUUDD 


11.61 (00000 


JUIUUUUDUDUUDDUDDUUUUUUUUDUDUDUDUUDUDUUUDUUUL 
JUIUUUOUIUUUDUODUUUUUDUUUUDUUOUUUU 


//: AUTOCNST.CPP -- Type conversion constructor 


class one { 
public: 

one() () 
bi 


class two { 
public: 
two(const one&) {} 


); 


void f(two) () 
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main() { 
one One; 
f(One); // Wants a two, has a one 


) 


UOHUOUOUHfODODOU ondIHOUOOUÖUOUÖUOUÖDOU fOUuUUUUUUUUUULE two 
HOULUUUUÖUUUUUUUOUUOUOUUULD one O twop ll I I I i Ilu Il Il ILL 
two::two(one)[] two::two(one)[] O O O UO U U UUU U twol] U UU fOU 

OOOOOOUOOOOUOUOOOUOUUU fOUUUUUUUUUUUUUUOUUU 
OOOOOtwop0UOOUOUOUUfOOUUOOOUOOUOOOUOUOOUUUUN 

lll I I I I I. LL 

INNHDUDDDUUUUUDNHDDUDDUUUUDHDDDUUUDDOUUUDUNHDHUDL 
UU explicit "I UI Ii Ii i i i i Ui i i Ii i Il Il uil «well i UI i i i i hi i i Il I LL 


class one { 
public: 
one() () 


); 


class two { 
public: 
explicit two(const one&) {} 


hi 
void f(two) {} 


main() { 
one One; 

//! f(One); // no auto conversion allowed 
f(two(One)); // OK -- user performs conversion 


) 


UUUU two UUDUUUDUUuDuuUDunnuunuuuuUuDuuuuunuunoD 
JIUUUUDUDUDUUDUUDDUUDDUDUDUUDUUUUUUUUUuDUuUunoD 
UUUUUOUHY ftwo(One))JOOUUOUUU One] two UI Uu UU I UU ui uu uu 
UOUUUU 


11.62 (0000 


JUIUUUUDUDUUDUUUDUUUUDUUUUDUUDUUDUUDUDUUDUDUUUU 
UUUUU operator II Ul Uu Uu Ui Ul UiUUu nu uu u Lu UuUuUUUuunuuuuuno 
JIUUUUDUUDUDUDUDUDDUDUUDUDUDUD—-UUuUuuuUuunuuuuuuunoD 
JUIUUUUUDUUDUDD 


(1 HOOUUUO epi] JOÖÖUÖUOUOUOÖUOUOUUOOUUOOUODOOUOODU 
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//: OPCONV.CPP -- Op overloading conversion 


class three { 
int i; 
public: 
three (int I = O, int = 0) : i(I) {} 


}; 


class four { 


int x; 
public: 
four (int X) : x(X) {} 


operator three() const { return three(x); } 


Ji 


void g(three) () 
main() ( 
four Four (1); 
g (Four) ; 
g(1); // Calls three (1,0) 


) 


JUIUDUUDUUDUUDUUUDUUUUUDUDUUDUDUDDUDUDUDUUUL 
JIUDUUUDUDUDUUUUDUUDDUDUUUDUUUUUUUDUuUDUuUuuuob 
JIUDUUDUDUUDUDUUUUDUUDDUDUUUDUUUUUUunuUuuuuuunoD 
JDD UUUUUuUunuuuuuuunuubuuuunuusunuUuunnuuuouu 
JUIUDUUUUDOUUUUUNUUDUUDDLD 

“UID 

JUIUDUUUUDUUDUUUDUUUUUDUDUUDUUDDUUDDUDUUUU 
JIUUDUUUDUDUDUUDUUUDDUDUUUUDUUUUUUunuUuuuuunob 
JUIUUIUOUUUDOUUUDUNUUUUDDUUUUUUDUULU 


//: REFLEX.CPP -- Reflexivity in overloading 


class number { 
int ì; 
public: 
number (int I = 0) (i=1; ) | 
const number 
operator+ (const numberš n) const { 
return number(i + n.i); 
) 
friend const number 


operator- (const number, const numberé&) ; 
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const number 





operator- (const number& nl, 
const number& n2) { 


return number(nl.i - n2.i); 


} 


main() { 
number a(47), b(11); _ 
a+b; // OK 
a + 1; // 2nd arg converted to number 
//! 1 + a; // Wrong! 1st arg not of type number 
a - b; // OK 
a - 1; // 2nd arg converted to number 
1 - a; // 1st arg converted to number 


) 


U number] WUUUUUU +U0UUUUY Gren) OU - Uu Uu U UL i i UL]. ind] 
JUIUUDUD iel UDD number] DI UI. U I U Uu UU UU main OH UU UU I UU. UU 
UU numberl] O O 0 number] UI UU Uu UU UU UU UU Uu Uu Uu UU Uu UU Uu UU 
UU number] 000 +UU0U ia i i UU. UI L O number::operatorrl WOOUUUUU 
UU int] OOOO number I] I UU IU U UU UU ith UO +0008 number] I I UI UI LU 
UOUUUUOUUUUY number::operator+0 WOUOUUUUUU numberl] O I Ui I LU 
JUIUUUUUuwunu 

JUIUUUDUUD-UuUUDUUDUUUUUuunuuuUunuuuuuunuUu number O L 
UHUUOUUUUUOUUUUE La] HUHUÖUUÖUUHUÖUUHOUHUOUL number] L 
JUUUUUUUUUUUDUDUUUDUUUDUUDUDUUDUUDUUUDDUDUUDUU 
JUIUUUUUDUUDUUUUUUOUOUUUUUUUUUUUUDnuDuDUwuno 

JUIUDUUDUDUDUUD 1100000000 number UOUUUUUUU -00 
IUUuuUuuucUHnUunuuuuuuuuuuuuuDuuun”“uuUuu'uuuLu 
JnUUDIIDUUUUuUDuuuu 


11.6.3 (00000 OLT strings 


UULUUUUUUOUOUD sringl I i uu UL Ui Ui I I Uu UU I U UU UU UU i UU UU UI. 
UHUCUOUÖUÖUUÖUUUUUUOUOUOUOUUUUUOOUOUOUOUOUUUOUOUUOUUUUUUUU 
UOUUUU 

//: STRINGS1.CPP -- No auto type conversion 

#include <string.h> | 

tinclude <stdlib.h> 

#include "..\allege.h" 


class string { 
char* s; 
public: 
string (const char* S = "") { 
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s = (char*)malloc(strlen(S) + 1); 
allegemem(s) ; 
strcpy (s, S); 

} 

~string() { free(s); } 

int Strcmp (const string& S) const | 
return ::strcmp(s, S.s); 


) 


// ... etc., for every function in string.h 


main() ( 
string si("hello"), s2("there"); 


sì.Strcmp(s2); 

) | 

OUUU stempU UU UUUU STRING AHO I I I I I i I I Uu I i u 13 UU I I UI. 
UULUUUUUUUUOUOUUU STRING HIJOOUOUOUOUUUUUUUU 

//: STRINGS2.CPP -- With auto type conversion 

#include <string.h> 

#include <stdlib.h> 

#include "..\allege.h" 


class string { 


char* s; 
public: 
string (const char* S = "") ( 
s = (char*)malloc(strlen(S) + 1); 
allegemem(s) ; 


strcpy (5, S); 


} 
~string() { free(s); } | 
operator const char*() const ( return s; ) 


bi 


main() { - 
string sl("hello"), s2("there") ; 
strcmp(sl, s2); // Standard C function 
strspn(sl, s2); // Any string function! 


) 


UOULOUUÖOUOULD strngh O cha*] JOUUÖHOUHUDUL cha OUUUUUO 
O O string} O L 


11.6.4 JUUHUOOUUU 
JUIUUUNUUUUDUDUUUUUUUDUUOUUUDDUUUUUUUUUDUUUu 
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UUUU XU UU operator YO HH UUUUUU YDUIU UU UI UU Uu UU I Uu Uu UU UI LI. YI 
JIUDUUUAUUDDUDDDUDUUUUDUDUUDDUOUUDDUD XU YUUUO 
JUIUDDDUDUUDUDUUUUODUUUDUUUUUuunu 


//: AMBIG.CPP -- Ambiguity in type conversion 





class Y; // Class declaration 


class X ( 
public: 
operator Y() const; // Convert X to Y 


); 


class Y { 
public: 
Y(X); // Convert X to Y 


); 


void £(Y); 
main() { 
X xX; 


//' f(x); // Error: ambiguous conversion 


) 


JUIUUUUDUUDDUDUDUUUUUUUUUUUuUuDnnuDnuunmno 
UOHOUUUUÖUUUUUÖUUUOUHUUOUUUUUOUUUUUOUUOUUUOLIT lfan-outl] 


//: FANOUT.CPP -- Type conversion fanout 


class A (); 
class B (); 


class C { 

public: 
operator A() const; 
operator B() const; 


£ 


// Overloaded h(): 
void h(A); 
void h(B); 


main () { 
C C; | 
//! h(e); // Error: C -> A or C -> B.??? 


) 
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JclUADBUUIUUUUDUDUUUUDDUUUUUUDUUDUUUUDUDUUUU 
rod OUHOUHUHUOUÖUOUODUOOD mano OHOUHUÖHUUU 

JUIUDUUUUDUUDUDUDUUUUUUDUUDUDUDUDUDDUDUUUL 
IIUUUUDUDUUDUDUUUUDUUDUDUDUUUUDUUUUUUuDnuUuUuuuuunob 
UUUOUUUUUUE make AOL make BOD]DIDDUDUL 

“OHOUUUU 

UUUOUUOUUUUEUUUUEUUUUUUUUOUUUY 1150 FEEFLCPPYOOUUU 
UU 


//: FEEFI2.CPP -- Copying vs. initialization 





class fi {}; 


class fee { 
public: 
fee(int) {} 
fee (const fit) {} 


[JE 


class fo { 
int i; 
public: 
fo(int x = 0) { i = x; } 
operator fee() const { return fee(i); } 


); 


main() ( 
fo FO; 
fee fiddle = FO; 


) 


HOUUOUU fol ll ill feefiddiel] I I Ll IL Ll fell OOD fee I LI UI UI UI UI I. LL 
OOOD feel] 0] OO feellillululnnnuuuuuuunnnunuuuuuunnnuwu 
UMUUUUUUUUUUUDUUUUUUU’ = UUUUunuuuunuuuunuoumu 
HOUUUUUUUUUUUUUUUUUUUUOUO 

fee fiddle = FO ; 


JUUUUDUUUUDUUUDUUUUDUUUUDUUUUUUNUUDUUUDD 
UU 
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JUIUDUUOUUDUUDDUDDUUUUUUDUDUUUUDUUDUUUUUUUU 
JUIUDUOUUUODUDUDDUDUUUUUUUUDUODUUDUDUUDDUDUUUU 
JUIUUDUODUUUUDUUDUDUDUUUUUUUUUDUODUUDDUDUUDDUDUUULU 
ODD 
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11.8 OUL 


LHIUUUUDDUUU-—UUUUUUDUUUUUUUUUUUDUDUUDUUUUDD 


HOOUOUOUOO 

2.07000 U0 OU UO private charl] O U U U U LU iosteeam[] O O <<[] >>] O O IOSOP.CPP 
DDHDIDUJHUHUDDDHUDDDOU fstreams[] strstreams[] stdiostreamscin[] cout)[] [] OOD 

3.(1]0000000000 41-02 07100000 number) I I Il I UI Uu Ui I I Il I I'L 
INUUIDUUDUDDUUUUUUUNHDDUUDDDDUDUDHUDHUDHDDHDU mou 

4. 0 0 O UNARY.CPP[] BINARY.CPP[] [] 0 0 

5. I FANOUT.CPPH TU UU i Il Il 9 I Ui Ui ui i I iu u ni Ii i Hl i i I Ii Il Ui LU 


00L 
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JUIUUDUDUDUUDUDUDDODOUUUUUUUUUuUuuUuununwnu 
JUIUUIUUUUDUUUUDUUUUCADDUUUUIUDDUUUUOUOUUDUUUULU 
UOUUU 
JUIUUUUDUDUUUDUDUDUUUUUDUUUUUUUUUuUuDnun cHU 
UUOUUUUUUUYE mallocO)[] free()l] UU malloc QU I DU UI Uu Bu UU UU UU UU 
JUIUUUUUDUDUDDUDUUDD 
UUUOUCHOUUUUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
JUIUUUUUDDODUUDDOD 
>)IUIUUUUUDNUUUC—uUUUUULU 
2UUUDnuUUuunnunoDuumUuuDuuUuuDnnuUuuDnnuUuunonob 
S>UDUUDUDUUUUDDUDUD 
JUIUDUUUDUUDDUUDDUUUUUUUUUDUUDUUDUUDDUUUUUUUu 
JnIUUDUUDUUUUUUUDUUUUuUDuuDnnunnuunuuUunguunuuuouu 
CHOU UHUUUUUOUUUUUUUUUUUUUUUUUUUUUOO 
UUHUOUOUUUUUUUUUUUUE malioc() freeOUUOUUUUUUUUUUO 
JIUUUUDUDUUDUDUUUDUUDUDUDUUUUDUUUUUUUDUuUDUUuuunoD 
JUIUUDUUUUDDDUNUNUOUOUUUUUUUUDUUUUUUUUDuDuUwuno 
UOUULOUUÖHUHUL CU new dele] l] I UL U< i Uu UD UU Uu Uu Uu u aU UI iL 
JUUunu 


121 GOOD 


OEE CAEL UCE C E OE G A E 

>)UUIUUUUUU 

2UUUUuUUuunuUunDuuu 

JUIUDUUUDUUDUDUUD >AUUUNUUUCc—UUUUUUDUUUUUUUUD 
JUIUUIUUUUUUUDUUDUUDDUUUUDUUOUUUU—U uDUUUUUuuuuU 

JnUUD -AIUUUUUUUuuDnnouuuuDnuouu 

>LUUIUNUIOUOUOUUUUUUUUUUUUUUUUDUUDUUDUUDDUDUUUUWD 
UOUUUUU 

2)0HUHUHOUÖUOUHOUHOUHUUONUONUNUUUUUUUUUUOUUOUUOOUOTI 
JUUUDUUUDUUUUUDUUUUDUUDUDUUUUDUUDUUUDUDUDUDLU 
JIUUUUUDUUDUDUUUDUUDUDUDUUUDUUUUUUDUuUUUuuunoD 
UU 

3>UUUUUUNUODUUUUUUUUUUUUUUDUDUUDUDDUDUUUUUUU 
JUIUDUOUOUUDUDUUDUDUDUUUUUUUDUDUDODUUDDUUDDUDUUUU 
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JUIUUUUUDUUDUDUUUNUOUUUDUUUUUUUUDnU—UUUUuUuu 

JUIUUUUUDUDUUUDDUUUUUUUUUDUUUDUDUDUUUDUUUu 
JUUDUUDDDUUUUUDDDUUDUUUUUUUUUUDUDUUUDUUUDU 
IUUUUUUUUUUUDUDUUUDUUUDDUDUUDUUUDUUDUUUUDUUDUU 
JUIUUIUUUUDDUUUUDDUUUUU 


12.1.1 CUHOHUOUU0U0UUUL 


JUIUUUDUDDUUUUCUUDUUDUDUUDUDUUDUDUUDUDUU 
UU malloc O) O DOODO calloc0)[] realloc Ol UI U Uu UU I UU UL) freeOUUUUUU 
JUIUUUDUUDOUUUUUUUUDDUDUUDUUNU COUUHUUUUUUUUUUOY 
JUIUUUDUL 





//: MALCLASS.CPP -- Malloc with class objects 
// What you'd have to do if not for "new" 
Hinclude <stdlib.h> // Malloc() & free() 
tinclude <string.h> // Memset() 

#include "..\allege.h" | 


#include <iostream.h> 


class obj { 
int i, j, k; 
enum { sz = 100 }; 
char buf [sz]; 
public: 
void initialize() { // Can't use constructor 
cout << "initializing obj" << endl; 
i =j =k = O; 
memset (buf, 0, sz); 
) 
void destroy() { // Can't use destructor 
cout << "destroying obj" << endl; 
l 
); 


main() ( 
obj* Obj - (obj*)malloc(sizeof(obj)); 
allegemem(Obj); | 
Obj->initialize(); 
// ... sometime later: 
Obj->destroy(); 
free(Obj); 

) 


JUIUUUUUDDOUDNUUUDDUDU malecO) I IUUUULU 
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obj* Obj = (obj*)malloc(sizeof(obj)) ; 


IUUunnnnuuunuunuuuunnnuuuunnuumnnuuunnnnuuwuwnu 
HOUOUUUO mallocO)] UU U void* C++ 0 0000D vod I I Ui UI uu Dn i Uu I. 

UU malloc ) I I Ui UI Ui i i'i uu Dn Fu Uu i i Uu UI i I oI LUI Fi Il Ui uu i i Il LU 
OUUU 

HOUUUU 

Obj->initialize( ) ; 

IUnlnluuuunnuuunnuununnununnumunnnununnununwunu 
HOUUUU —uUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoo$ 
INnlnuuunuununununuununununnwu 

Inlnuuununchlnuuunnuunnununnununucnnnunuwmn 
IUlUunnuuunuunnununuununuuunnunununununnnubt Cell 
IUluUunnuunuunuununnunnunnnuunuuclnnuunnn 





12.1.2 [] O O new 


CH] UOUOUUUUUUUUUUUUUUUUUUUUUUUUUO new I UI UL 
UU newf] new] I I i i i I Ui i Ui uil iu iu Ill Ui i Ul lu i ui iu nuu ui I i i i I UI. LL 
HOUOUUUUUUUUUUUUUUUO 

foo *fp = new foo(1,2) ; 

HOUUUUUUE malloc(sizeof(foo) J 0000 10200000000 feel IUUUUU 
HOUUOUU thisoOUUUUUUUUUUUUU  elnnuuunnunmunnmnnumne— 
HOUUUUUUUUUUUUUUUUUUUUUO fo VUUUUUUUUUL 

HOUnewWOUUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOO 
INnlnluuuunuuunnuuuunununnunuunnununnununnunn 
UU 

ULUÖHOUUUÖUOUUUUOUUOUUODUODUU sewllllUlnnnuuuunnnwunu 
HOUUUUUUUUUYE new] IHU 

foo *fp = new foo ; 

000000000000000000000000 —0000000000 00 
INnlnluuuunuununnunuunnununnununnunnnuunnununmunn 
UI DL 


12.1.3 [] [] [] delete 


newl] VU UI LI UU delete] O O0 O delete] ll I UI I UI Ui Ii UI i i Pb li Ii Ui Ii uu I I I. 
HOU freeOLll 00 newll I I UI I Ui Ii UI I dI i UI Ui UI i I. deleted I LI UI UI I UI I LL 
HOU 

delete fp ; 

HOUOUUUUUUUUUUUUUUUUUY fool 

delete] WU LI LI. Ll new LILI Ll LI LI Ll YL mallocC )[] UJ calloc()[] realloc DU UU UUU 
HOUOU deleteYOUUOUUUUUUUUUUUUUUUUUE new delete] O0 0000 
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UU malloc()[] freeOUOUOUUUUOUUOUUUUUUUUUUUUUUO 
100000U0U00U00 OJOUOHUUHUUUOUOUOUOUOUOOUOUOUUOUOUUUOUUI 
JUIUoIDnUUunUguUDnuunuUDuguUuunnDUuunnDUuuuuDuuu 


12.1.4 UIUDDHUD 
JUIUUUUUDDUDUUUUUU 


//: NEWDEL.CPP -- Simple demo of new & delete 
tinclude <iostream.h> 





class tree ( 
int height; 
public: 
tree(int Height) ( 
height = Height; 
} 
-tree() { cout << "*"; ) 
friend ostream& a 
operator<<(ostream& os, const tree* t) 4 
return os << "tree height is: " 
<< t->height << endl; | 
} 
); 
main() { 
tree* T - new tree(40); 
cout << T; 
delete T; 
) 


JUIUUUU elli iu UU I Uu ul uu CU UU UI U UF U 3 UU iU. << L ostream 
IUIUUUUUUUUUUUuUuDnunuuunnDnunuUDnU end] DU i UU. UU 
JIUUDUUUDUDUUDUDUUDUDUUD—UUUUUDUUUDUUUUDDUDUUDD 
JUIUUUUUDUDUUUUDUDUDUUDUDUUUUUUUUDUuuUuUuuuoDunuunob 
UUUOUUUUUY ostream&é I UI UU Uu BUN i U TU I UU]. ostream&[ | | 


1215 HOUUUUU 


JUIUUUUUNUUODUUUUDUDUUDUDUUUUUUUUUUUguUuDnnununuUnwuno 
JIUUUUDUDUDUDUUUDUDUUDUDUDUUUDUUUUDUuUmuuuoDuuunoD 
JUIUUDUDUDDDULUUDUDL UD calloc )[] realloc( )[] O malloc( )[] 

NOU mallocO)l]PI liu UU I U Uu UU U i I 

2UunuuuuUugunnunnnuugnUuSuuuluuunuuluuuuDnuwDu 
OUOLHUHLUHUHLUUUUUUUUUUUUUUÖUUHUUÖUUHU — UUT malloc 
JUUOUUUUUUUO 

>PUUUUUDUUUUDUUDUUDDUUDDUUUUUUDUUDUUUUUUUDU 
malloc O) I IU I Uu LU UU U UU U I UU freon Ii Wi ui âU I ul Uu iu UU UI. 
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JUIUUIUUUIDDUUUUDDUUUUUUUUDUUUUDUDUUUUDDUUUUDDUD 
JUIUUUUUUUUUDUDDUUDUUU malocO)ll UU UU UU Uu Ui Uu Uu UU Ui.LU 
UUUOUUUUUW 


12.2 TUÖHUOUUUHU 


UUUUUUYE newl] delete] HUOHUUUUUWUUUUUUEY stash] stack] UO 
JUUUUUUUUDUUUDUUUDUUUDUUUDUUUDUUUDUUUDUU 
UU 


1221 J OOOO U string] 


DDOD stash sack OOOO“ UU" UDUUUDUUUD stashi stacki O O UI. 
HOUUUUUUUUUUE deetel I I IU i i DU Ui. iu Uu Uu Uu iu Uu i ui ui ui u 
void[] [] O UL deletel] U void I I UI Ui Uâ3U i Ui uu IU in Uu Uu i Ui uu IIu Un I UI Uu I UU 
IUlDluuunuuunnuuununuunnunununD stashi stacki I I Ui UI UI UI. LU 
UOUHUUUUUUUUUUUUUUUUO BUUIUUUU 

IUUnnuumuuuuunnnuuuuuunnuuuuuuuunnuunuunu 
IUUnnuuuuuuunnuuuuuuunnuuumuuunnnuuumuuuunn 
UOULUOUUOOL deete O i  I UI uu U«UL i Uu Ui Ui Uu i LU EL3U UU I Uu i I I I. 
IUUnuuuuunnuuuuunnuunuuunnunnuunnuMu Stringi lll 
UUlnluuunuuuunuuuunnunununuannnnM String) 

//: STRINGS.H -- Simple string class 

// Can only be built on the heap 

Hifndef STRINGS_H_ 

#define STRINGS H_ 


#include <string.h> 





tinclude <iostream.h> 


class String { 
char* s; 
String (const char* S) { 
s = new char[strlen(S) + 1]; 
strcpy (s, 5); 
) 
// Prevent copying: 
String(const String&) ; 
void operator=(String&) ; 
public: | 
// Only make Strings on the heap: 
friend String* makeString (const char* s) | 
return new String (S); 
| | 
// Alternate approach: 
static String* make(const char* S) { 
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return new String (S); 


) 
~String() ( delete s; ) 
operator char*() const { return s;) 





char* str() const ( return s; } 
friend ostream& 
operator<<(ostream& os, const String& S) ( 
return os << S.8; 


) 

E 

#endif // STRINGS H_ 

HOUUUUUUOUOUUUUUUUUOUOSE privatePOUUUOUUUUUDUUUUOU 
IUDIUDDUDDDDDDUDDDUDU privaeWPUOUUUUUCUUUUUUODGUUUUUOUO 
"= OUOUOUOUOUUUUUODUOUOUUUOUOUOUOUOOUOOLD Sing ll II UI UDD 
Sting] I I UI I IU I I i Uu 8LF Ii U Il Il I J.L 

HOUUUUUUUOOUUUUOUUUUUUUOUOUU UU UL friend] UU 0 0 makeSting( 
HOOUUT UU”"UUIUUDUUDUDUUU © staticQNQOQDOUOUUODU make()UUUL 
String::make ITO OOUUUUUODCUUUUUUUUOUUUUUUUUODOUOUU 

HOUOUUUUDUUUOU 


s = new char[strlen(S) +1] ; 


JUIUDUUUUUODUUDUDUDUDDUDDUU chari IDDU UF Ul Uu UU Uu UU UI. 
OÖHOUHLOUUOUUÖUUÖUUÖUUHUUUOUOUOUONOUONOUOUUU 

0] cha*l] bI Uu TU I Uu UU Ucha] I UU I Uu Ud. UI UI: String O UI I UL 
U O iostream[] O O O OOOO iostream OO UOUUUU Stringi OU 


12.2.2 stash[] [] 


UU SUUUUU stashi UU UUUUUUUUUU SUOOOÖUUOUOUOUOUOUOUUUNU 
pstashl] OU UUUUUUUUUUUUUUUUUU SUUUUUUUUUUS stashi OO 
UU stahWOUUUUUUUUUYE newl] delete I I I UI i UI UI UI ui i Uu Di Uu UI I. 
HOUUUUUO 

10000 “ pointer stash” 10001 

//: PSTASH.H -- Holds pointers instead of objects 

#ifndef PSTASH H_ 

#define PSTASH H_ 


class pstash { 
int guantity; // Number of storage spaces 
int next; // Next empty space 
// Pointer storage: 
void** storage; 
void inflate(int increase) ; 
public: 


240 conor China=puh.eom 
i Sc 


pstash() ( 
guantity = 0; 





storage = 0; 
next = 0; 
) 
// No ownership: 
-pstash() ( delete storage; ) 
int add(void* element); 
void* operator[](int index) const; // Fetch 
// Number of elements in stash: 
int count() const { return next; ) 
ME 


#Hendif // PSTASH H_ 


UUHUHUHUUUUUUUUUUUUE  storageQ OU veidll] UI UU]. new Ll 
malloc JUHUHUUHUUUUUUUUUUUUUUUUUUUYS ved DU UI UU U U.LU 
UOUUUU voidd UU UU 


storage = new void*[guantity = Guantity] ; 


UOUUUUU void I I UI UI Ui ui i i ii i Ui liii iu u« iu ni i i i i uluu 
INUUnnuuunuuunnnumnubun vid] I I I I I I. LL 

UOUUUUUUUUUUU OOO OU fetehOOUUUUUUUUUUUUUUUUUOD 
OOO vodJ I i i i i UU Ii Ui Uu uu u I Uu i iu iu fu i i i i lii i i T1 Ui i UL 
IUUUUUUUUUDDDDDDULL 

UUUUOUUUUUUU 

//: PSTASH.CPP -- Pointer stash definitions 

#include "..\11\pstash.h" 

#include <iostream.h> 

#include <string.h> // Mem functions 


int pstash::add(void* element) { 
const InflateSize = 10; 
if (next >= quantity) 
inflate (InflateSize) ; 
storage [next++] = element; 
return(next - 1); // Index number 


) 


// Operator overloading replacement for fetch 
void* pstash::operator[] (int index) const { 
if (index >= next || index < 0) 
return 0; // Out of bounds 
// Produce pointer to desired element: 


return storage [index] ; 


) 





China=puh«eom oi ounang. 241 
oi }$_ h . 


void pstash::inflate(int increase) { 
const psz = sizeof (void*); © 
// realloc() is cleaner than this: 
void** st = new void*[guantity + increase]; 
memset (st, 0, (quantity + increase) * psz); 
memcpy (st, storage, quantity * psz); 
quantity += increase; | 
delete storage; // Old storage 


storage = st; // Point to new memory 


) 


UOULUUUUUUUUUUUUOOUOUOD addQUUOUUUUUUUUUUUUUO 
UULUUÖUUUUOUUOUUOUUOUUUU 

UOUUOUUU inflaec)llllUlUDDDUUUuuuuuuuUUDDnnunuuuuwn 
realloc JUHU I UI Ui. Uu liu uu Uu DU uu I Uu Ui Uu U1U Ui iu ui 8 Ii iu I i Ui I Ui UI LU 
IUNUuuUDnnUuuuuuunuuuununuuunuuuunnuumnunnnuu © new) 
realloc[] | I I I i Ui Uu Ui uu uu ui uu uu i i inii iii i ui uu ul innnuuu 
OUUU malloc)[] realloc )[] fre()[] new delete] [I I I Ui IL UI Uu uu UL I I'L 
IUlnlnuumuuunnuunuuunnuuuuunuuuuunnuunuunnnwmuwu 
malloc )[ UU UU U newO)l] delete) I I UI Ui Uu Uu UU iu uu DU i Uu IU nU UI Ui I. LU 
OUOU 

e000 

UDDUDD pstashi O sasi ll I i Il UI UI Ii Il UI I. 

//: PSTEST.CPP -- Test of pointer stash 

finclude "..\11\pstash.h" 

finclude "..\11\strings.h" 

tinclude <fstream.h> 

#include "..\allege.h" 


main() { 
pstash intStash; 
// new works with built-in types, too: 
for(int i = 0; i < 25; i++) 
intStash.add(new int(i)); // Pseudo-constr. 
for(int u = 0; u < intStash.count(); u++) 
cout << "intStash[" << u << "J = " 


<< *(int*)intStash[u] << endl; 


ifstream infile("pstest.cpp"); 
allegefile(infile); 

const bufsize - 80; 

char buf[bufsize]; 

pstash stringStash; 

// Use global function makeString: 
for(int j = 0; j < 10; j++) 
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if(infile.getline(buf, bufsize)) 





stringStash.add(makeString(buf)); 
// Use static member make: 
while(infile.getline(buf, bufsize)) 
stringStash.add(String::make(buf)); 
// Print out the strings: 
for(int v = 0; stringStash[v]; v++) { 
char* p = *(String*)stringStash[v]; 
cout << "stringStash[" << v << "] = " 
<< p << endl; 
} 
} 


UUUUUSE ash] i Il Uu Ul UL UU Uu UU Ui Uu iU newQOUUUUUUUUUO 
UUUUUU 


intStash.add( new int(i) ) ; 


OOOD newintG) OUUU mW Ui i Ui i Ii iu I I I. 
HOUUU mY OUUUUUU wu 

UOUUUUUUUUUO pstash::operator 0 IU UI UI UI Ui Uu DI Ui Uu TU Ui UU i UU UU UI. 
OOOO psashl ll I i Il UI UI Ii i Ii dI I I I void I I UI I Uu Uu uu I I i i I. 
INnnuuunnuunnununuu 

120100HHHLUÖUUUÖUUUUUOUOUDID psatshoOUUUUUUUUY Stringi UO 
UDDUDD makeStringU String::make()U DOU UUUUUUUUUUUUY (statico) 
HHUUUUUUUUUUUUUUUUUO 

HOUUUUUUUUUUUUUUUUO 

char* p = *(String*)stringStash[i] ; 

000000000000000000 Suins*00000000000000 Saing*[ 
000000000000000000000000000000 char*0 000000 
String] WOUUUU Sting UU I UI UI I Fi I Uu i I i UI I LI. Ll. char* 

INnlnluUuuunnnunuunnuuuununumuunnuuunuumuunnununn 
IUDlUIununununuunuunuuunuunnununununuunununwnn 


12.2.3 stack[] [] 


stack] TUOUUUUU 4U0UUU0U000000U0U0UUUUO 
//: STACK11.H -- New version of stack 
#ifndef STACK11_H_ 
#define STACK11 H_ 
class stack | 
struct link { 

void* data; 

link* next; 

link (void* Data, link* Next) { 
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data = Data; 
next = Next; 
) 
} * head; 
public: 
stack() { head = 0; } 
-stack(); 


void push(void* Data) { 
head - new link (Data, head) ; 
} | 
void* peek() const ( return head->data; ) 
void* popl); 

); 

#endif // STACK11_H_ 

OOO struct tink0 DOO 00000000000 stack:push OO new] 00000 
000000000000000000000000000000 tnk:nk0 00 00 0 
00000 data next] 0 0 0 0 stack::pushO0 O 0 00000000 inkKJODDDDD 
OOD Ink] UUL 


head = new link(Data, head) ; 


HOUOUUUUUUUU4U00U0UUUUUOUUUUUUUUUUUUUUoUoU$ 
//: STACK11.CPP -- New version of stack 

#include <stdlib.h> 

tinclude "..\11\stackil.h" © 


void* stack::pop() { 
if (head == 0) return 0; 
void* result = head->data; 
link* oldHead = head; 
head = head->next; 
delete oldHead; 


return result; 


} 


stack::~stack() { 
link* cursor = head; 
while (head) { 
cursor = cursor->next; 
delete head; 
head = cursor; 
) 
) 


JUIUDUUUDDDDDDOUL deletel] [] free L 
U stash UU void] UU i Uu UU i Uu UU.) stack! I Pi I U i Uu IU LU 
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stack] JU I Ul Ul Ui Il Ii Ii ui ui uu iu i li I Fi uu 1i hi i i Il Il ui ui ui ui i i i i i Ui UI. LL 
UU 

//: STKTST11.CPP -- Test new stack 

#include "..\11\stack11.h" 

#include "..\11\strings.h" 

#include <fstream.h> 

#include "..\allege.h" 





main() { 

// Could also use command-line argument: 

ifstream file("stktst11.cpp") ; 

allegefile (file) ; 

const bufsize = 100; 

char buf [bufsize] ; 

stack textlines; 

// Read file and store lines in the stack: 

while (file.getline (buf, bufsize) ) 
textlines.push (String: :make (buf) ) ; 

// Pop lines from the stack and print them: 

String* s; 

while((s = (String*)textlines.pop()) != 0) 
cout << *s << endl; 


) 


U stashi OUUUUUUUUUUUUUUUUUUUUUUY Sting OO OL L stack 
HUHUUUUOUUUUUUUUOUS stacki I I UI Ul sack I iu UU IU UU UU Uu UU 
HOU 


12.3 [] I UL] U new] delete 


Jc—uUIDUIUUUUUUNUUUUUUUUDUDUDUUUUDUDUUDUUDDDULD 
JUIUDUOUUUUUUUUUUUUDUUDDDUUUU4UluUuUuUuusuuosonuonunbD 
JUIUUUUUUDUDUDDUDDUUUUUUU 

JUlUlnwlDllUUUUuuUUuunnnUuunnuDUuunuUuguuuU”Uuuuu 


foo* fp = new foo[100] ; 


UOUUUUY 1009 fQ Ul IIu UU UI Uu DU UU UU UI Uu Uu uu Uu iu i ui LU 
JnUunfeollUlUlDll lln Uu i inl nuu dU i UI UU 


foo* fp2 = new foo ; 


HUHUUUEUUUUUUUUUUUUUE fUOUUUUUUUUUUUUUO fp] 
IUDluuuuunnunuunununununnunuunuununununnunuunmununnu 

delete fp2 ; //OK 

delete fp ; // Not the desired effect 
INnluUuunnuunuunnuunfellnlnununnnununnnuun 200d 
IDnunununnuuftnnoenuiunnuunuuunnnunnuunuuunuunnwun 
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HOUUUUUOUUUUUUUUUUUUUUUUUUUUUUUUO 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOo 
delete []fp ; 


IUnlnluuuunnuuunnuununnuununnuuununununnununnu 
IUlUluUuunnuuuunuuunnununnununuunuunnuunnnumwn 
HOUUUU 

delete [100]fp ; 
HOUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUoUo 
IUnlnluuunnuuunnuuuunnuununnuuunnununununnunmunn 
HOU 


UOUUUUO 


JUIUUUUUUUUU PIUDDUUUUDDUDDUUUUUDDUDUUUUDUD 
JIUDUUUDUUDUUDUUUUDUDUDUUUDUUUUUUUUUnuuUuuuuunob 
JUIUUIUUUUDUNUUUDUNUUUUDDUUUDUUU 


int const* g = new int[10] ; 





const int* g = new int[10] ; 


UOÖHÖHUUOUOUUOUDE const] line I ll I I Uu I lu i Ui I l Ui Uu lui Ii u I i I il I Lu 
HOOUUUUUUUO 

int* const g = new int[10] ; 
HOUqUOUOOUUOUOUUUUUUUUU qQuUUUUUUUU a t0U0U0UUUUUUUUUO 
HOOUOGUOOG 


124 JOUOUC 


OOOO newWUUUUDUUUUUUUUUUUUUUUUUUUUUUUE new- 
handler] lU I UI UI iu Pi Uu i i iu ui Iri Ui Ui i i i ul oe UU Ui UI Ui Ui Ii Ui Pui I I I. LU 

O O new-handlerl] JUÖHÖUUUOUOUUUL (throw an exception] [I EI I WUUUL 
HHUOUUUUUUUEUUUUUUUEOU" UUUUU” UUUUY new-handlerf] O O DO 
uuuuguuuuuuuuuuuuuuUuUuuuuuunnnnnnnnnnnnnnno 
IUUUUUUDDD 

OOU NEWBY UUUUUUUUUUUUUUUUUE senew_handler()[] OUUU 
[] U U U new-handler[] 

//: NEWHANDL.CPP -- Changing the new-handler 

tinclude <iostream.h> 

#include <stdlib.h> _ 


#include <new.h> 


void out of memory() { 
cerr << "memory exhausted!" << endl; 
exit (1); 
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main() ( 
set new handler(out of memory); 
while (1) 

new int [1000] ; // Exhausts memory 


) 


new-handler JU UOUUUUUUUU void] O O O while I I OOOO mY I I I LU 
lNnNHHUNUHDDDDDDDDUDUDDDDDDDDD newHOUUU0U0UUUUUUUUUU 
OOO new-handler[] 

UOÖÖUÖUÖUUÖUUÖUOUOL new-handler] I Il Il I UI 3i Il I i i iu DU i Fi il UI EI I I LL 
HOUUGUUUO 


12.5 [] [] new[] delete 


HOUUU new JOUHOUOUUOUUOUUUUOUUOUOUD newWOUUUUUUUOUUU 
HOU delete] I i i Ui Ui Ui 9i Ui Ul Ui Il Il Il i deletteQYOUUUUOUUUUUUU 
HOUUHYUOUUUUUOUUUUUUUUUUUUUUUUWUUUUUUUUUUoUoo 
|] new[] delete[] 

l]new[] deletei OO I FI I FI I UI ui Ui i i i I i Il ui uii ui i i i i I Yi iu UI i i i. LL 
INUUDIUDDDDUUUDUHDUDUDDDUDUDUUUDDDUUDUDDDUUUUDNHDUDUDUL 
UÖHLUÖUUÖUUOUUUUUODOUODUONUL C++U U0 U newl] delete] I I LI FL I I I. LL 
HOOUUUUUUUUUUUUUUO 

HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOUUUUUo 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
HHOHUUUUUUUUUUUUUUUUUUUUUUUUUUU 

HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUUUUoUo 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
UOULHUUUUUUUUUUUUUUUUUUUUUUUUUUU UÜ new] delete] O O DO 
HOC+HOUUUUUUUO 

HOUUUU new] deletteYOUUOUUUUUUUUUUUUUUUUUUUUOUOUO 
new]UUUUUUYUUUUUUUUUUUUUUUUUUUUUUUUUUUUUE new 
HOUOHOUUUUUUUUUUUUUUUE now OU UUUUUUUUUUUUYO LW delete 
HOUUGOUU Ww 

HOOUUUU newHUUUUUUUUUUUUUUUUUUUUUUUO newtl UDU 
HOUOUU SUUUUU new-handlerl] O00 I EI I I I I I E.E. bad _alvlecl] O O I. Ll 
170000 UU 

lll] new[] delete] ] I I I I I I 9i ui i i lUi i i Ii Il ui Ii ui i i i i i Yi Fi il i. LU 
HOUUUUUUUUOUUOD 


12.5.1 0 0 0 0 newl delete 


UUUOUU newl] deletei II UL iu 8BU I UU Uu U3 UI iuUUu iu Cu I UI Uu I UL 
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UVOUUUUUUUUUUUUUUU —UUUUUUUUUUUUUUUUUO 

UO UnewQ OU UUUsze ti QOUUUUUUUUUUUUUUUUUUUUUUUUUUO 
HUQUUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
HUQUUUUUUUUUUUUUUUUUUUUUUUUUUUUUWUUUUOUUUUUO 
UUUUUUUUUUUUUDOU UU UU LU new-handler] VUUUUUUUUUUUUUUO 

UOUUnewWOUUUUUU void) Ii Ui UU Uu i Uu nu DU ui ii u UU i u DU Uu ìi. 
HOUUUUUUUUUUU —UUUUUUUUEUUUUUUUUUUUUUUUUUUO 
HOUUUUUUUUUUUUO 

UU U deltei VOUUUUUUU new I I I. veid* O 0 ODO void*QU0UUUU 
HUHUUUUUUUUUUUUUUUUUUUUUUUUUUUY delete] UU UU L]. void[] 

HOUUUUUUUUUUE new] delete] O I UI UI L.L 

//: GLOBLNEW.CPP -- Overload global new/delete 

tinclude <stdio.h> 

tinclude <stdlib.h> 





void* operator new(size_t sz) ( 
printf ("operator new: %d bytes\n", sz); 
void* m = malloc (s2); | 
if(!m) puts("out of memory"); 
return m; 


} 


void operator delete(void* m) { 
puts ("operator delete"); 
free (m) ; 


} 


class s { 
int i[100]; 

public: 
s() ( puts("s::s()"); ) 
-s() ( puts("s::-s()"); ) 


bi 


main() { 
puts ("creating & destroying an int"); 
int* p = new int (47); 
delete p; 
puts ("creating & destroying an s"); 
s* S = new S; 
delete S; 
puts ("creating & destroying s[3]"); 
s* SA = new s[3]; 
delete []SA; 
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UUOUUUUUE newll delete] ]JO0OÖUÖOÖUOCUÖUOÖUUOUOUUOUOUUUUUD cU UI LU 
malloc( ) free) OO UU U newl] delete] JUUUOUUUUOUUUUUUUUUUUUUO 
UUUOUUUUUUCY printfO)l] puts()U E iostreamsf] O O UU U U iostream O O UU 
UU UY cin[] cout cerr UU UU new I I i LILI protfOQUUOUUUUUUUUUUUO 
UnewWUUUUUU 

UmainQQUOUUUUUUUUUUUUUUUUUUUUUUE newl delete] O O 0O L 
UHUUUUUUU sI0UOUÖHUUOUUUOUOUUOUOOUUOOUOUOOUOUOUOUOUUOUOUUOHU 
UOLÖUUHUUUUÖUUHUUUUUUUUUUUUUUUUUUOUD newl deletel] 


12.5.2 [00 0 0 0 new] delete 


OUDON new] delete] | I ID] static! I I EI I ID static! I I LI UI UI UI. LU 
IUUUUUDDDDUDUDDUUUHUUUUUDDDD newWOUUUUUUUUUUUUUUO 
llnewl] VUUUUUU new] I I E.E] newl] delete] I I UI i Ui i UI ui i i i i Il i 
Il] U U newl] delete[[] 

UIUUUUDDDDDD famis OOOUUOUUUUUOUOUUOUUUUUOUUUUU 
UOUUUUUUUUUUUUOUUOUOUOUU UL frami! OUUUUUUUUUUUUUUU 
UUGLUHOUUUUUUOUUOUUUOUUUU yes sUUUUUUU @ytedOUUUUUUOU 

//: FRAMIS.CPP -- Local overloaded new & delete 

#include <stddef.h> // Size_t 

#include <fstream.h> 

ofstream out("framis.out"); 


class framis ( 
char c[10]; 
static unsigned char pool[]; 
static unsigned char alloc map[]; // Alloc map 
public: | 
enum { psize = 100 }; // # of frami allowed 
framis() { out << "framis()\n"; } 
~framis() { out << "~framis() ... "; } 
void* operator new(size_t); 
void operator delete(void*) ; 
+; 
unsigned char framis::pool[psize * sizeof(framis) ]; 
unsigned char framis::alloc map[psize] = (0); 


// Size is ignored -- assume a framis object 
void* framis: :operator new (size_t) { 
for(int i = 0; i < psize; i++) 
if(Ialloc map[i]) ( 
out << "using block " << i << " 
alloc map[i] = 1; // Mark it used 
return pool + (i * sizeof (framis)); 
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} 


out << "out of memory" << endl; 





return 0; 


} 


void framis::operator delete(void* m) { © 
if(!m) return; // Check for null pointer 
// Assume it was created in the pool 
// Calculate which block number it is: 
unsigned long block = (unsigned long)m 

- (unsigned long)pool; 

block /= sizeof(framis); 
out << "freeing block " << block << endl; 
// Mark it free: 
alloc map[block] = O; 

) 


main() { 
framis* f[framis::psize]; 
for(int i = O; i < framis::psize; i++) 
f[i] = new framis; 
new framis; // Out of memory 
delete £[10]; 
£[10] = 0; 
// Use released memory: 
framis* x = new framis; 
delete x; 
for(int j = 0; j < framis::psize; j++) 
delete f[j]; // Delete f[10] OK 
) 


OUOOGHUUÖUOUOUUOUHULDT psize O framisll O O OOOO fremisi] I I UU ul Uu 
JUIDUUUDDUU size Ui UL Uu UU UI Uu Uu u U3 UU Uu Uu UU UU. oU UI UL 
JUIUUIOUUUUUUUUUUUUUUDDUUUUUUDUUOUUUUDUUUUDUDU ou 

UUUOUU new] JLUHUO mew Il UU Uu DU Uu UU Uu Uu UU I Uu Uu UU UU 
UOUUUU OJOHOUOUÖUUHOUOUOUOIUOUOUHOUHOUHUHUOUOUUHNOUOUUOUOUUOU 
JUIUUUDUDDUUDOUOUUUUDUUDUUUUDUDUD SOUT new-handlerf] VUUUUU 
JUUIUDUUUUUUDDUUUUUDUDUUUUUDUUUUDLUUUDUUUUDU 
0 O new[] delete] WU I UI i I LU] iostreams[] O OU U 

UU U delete] [] framisil I i UU DU UU i uu 8Buuiu iu iu uuUunuuuuuuu 
JUIDDUOLUDUfeamsll]—  UUUIUUUDDUUDUUDDUOD new I U UI I. newl O 
JUIUUIUUUUUUUUDUUUUUUUDUUDUUUUUDUUNUUUUUDUDUUUUUU 
delete] Ill Uu LU Uu UL Uu Uu Uu ui uUuUuUuuuuUuUuDuuuuuuunob 
JUIUUUUUUUDUUDUDDUUUDUDUDODUUNUODUUUUUUUUUUDUUUUU 
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UUU deleted OO i iu Uu u Uu uu ui Uu UUUUuUunuUuunuuuuuno 
UUUOUU SUUUUUUUUUUUUO 

O0 main O I IU TU I i UU framisf I I UUUM Uu â3U Uu UU U UU Uu UU iU LU 
JUIUUUUUuUUuUuunungnuDuUnougDuoDuoSusuuuuuuuuU 

JUUDUDUUDDDUUUU fremisil DUUUUUUUUUUE newl delete] O O OD 
JUIUDOUUUUDUUUU 


12.5.3. O ] 0 0 Ll new] delete 





UOULUÖUUUUUULULD newn delete] I Ii II Ui Uu Ii DU I iu iu LU i UU Ui UI. LU 
IUUUDDDnUuuuununuuuuUnnnuuunumnngutu newOUUUUUUUUO 
UULUUOUUUOOD deeeOll I I I iU iu IUu UU Uu Ui Uu Uu Uu Uâ3 Uu UU Ui U i UI UL 
OOO new] delecell] II I I UI Uu U3 i Ui Ii uu I iu Ii i ii u u3 Uu Ui iu Uu ui ui ui ui Nu 
OUL 

//: NEWARRY.CPP -- Operator new for arrays 

#include <new.h> // Size t definition 

#include <fstream.h> 


ofstream trace ("newarry.out") ; 


class widget { 
int i[10]; 
public: 
widget() ( trace << "*"; } 
-widget() { trace << "~"; ) 
void* operator new(size t sz) { 
trace << "widget: :new: " 
<< sz << " bytes" << endl; 
return ::new char [sz]; 
) 
void operator delete(void* p) ( 
trace << "widget::delete" << endl; 
: :delete [lp; 
} 
void* operator new[] (size_t sz) { 
trace << "widget::new[]: " 
<< 82 << " bytes" << endl; 
return ::new char[sz]; 
) 
void operator delete[] (void* p) { 
trace << "widget::delete[]" << endl; 
::delete Ilp; 
} 
); 


main() ( 
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trace << "new widget" << endl; 
widget* w = new widget; 

trace << "\ndelete widget" << endl; 
delete w; | 
trace << "\nnew widget[25]" << endl; 
widget* wa = new widget [25]; 

trace << "\ndelete []widget" << endl; 
delete [] wa; 


); 


JUIUDDLDU new] delete I Ul Uu UU Uu Uu U&3UNI Uu UU I i i |. new 
U delete] OO UU Uu UI UU i U 43 UU U UU i UL] oew delete] ] I i UI Uu u Pu hn ui iu 

JUIUDOUUUUDDDOUUUDUUU newd delete] ll UL Uu Uu UU I U J.L 
JUIUUUUDUDUUDUUDUUDDUUDUDUDUDUUDUUUUUUUDUUuDUuUunoD 
JumIUUUDDDnewll lU iU UU Uu Ul iu UU I Uu nu UUUUI iu UU Uu UI UL 
JUIUUUUUUUDUUDDUUDUDUDUUOUUUUDUDUUUU 

JUIUUDUUUDUUDDUUDDUUUUUUUUUDUUDUUDUUDUDUUUUUUUuu 
JUUuUUuuuuwunu 


new widget 
widget::new: 20 bytes 


* 


delete widget 
-widget::delete 


new widget [25] 
widget::new[]: 504 bytes 


kkkkkkkkkkkkkkkkkkkkkkkkk 


delete []widget 
PE ee EA eno aid alia TH widget: :delete [] 


JUIUDUDUDUUUDUDD ith 0 21000000 0000 00 200 00000 L 


newl] ll ll I I I I I Fd Fd I EI I *UUWUUUUUUUUUUYG deleteYOUOUUUUUUO 
[] U [] delete[] 

HOUOU widgel] ll I I I I Ii i i i i i mew I FI I FI Fi i ui ui Y I i I 1.1. 40 
HOOHUUUU4U00UUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUoo 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUo 
HOUOUUUUUUUUUUOD 


delete []widget ; 


JUIUUONUUDDDUDUUU newll delete] I DI Uu U iu Ul Uu Uu UU UU UI. 
JUIUDUIUUUUUUUUUDDUUUUUULU 


12.5.4 (100000 
foo* f = new foo ; 


UUUUUOUUU newHU UU fel I iU iu «UN UU UU I Ui i UI food I 00L 
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JUIUDUUUDUDUUDUDUDDUDDU swlllili OOOO 
JUIUUDUUOUUDDUUDUUDUUUUDUUUDUDUUDUDUDUDUDUUUU 
JUIUUonDDDDUDUDUDUDDUUUUUD 


//: NOMEMORY.CPP -- Constructor isn't called 
// If new returns 0 





#include <iostream.h> 
#include <new.h> // size t definition 
void my new handler() ( 

cout << "new handler called" << endl; 


) 


class nomemory { 
public: 
nomemory () { 
cout << "nomemory: :nomemory()" << endl; 


void* operator new(size t sz) { | 
cout << "nomemory: :operator new" << endl; 


return 0; // "Out of memory" 


} 
); 


main() { 
set_new handler (my new handler); 
nomemory* nm - new nomemory; 


cout << "nm = " << nm << endl; 


) 


JUIUUUDUUUDUUDDDUDUnewl Ul UU new] DO OUUUUUUUUUUO 
JUIUUUUUDDOUDUUDDOLD 


12.55 [TL] 


JuUUUnewll lU Uu U3 Uu UU I U I UL 

>DLUUUUUUOUUUUDUUUUUUUUUUUUDUDUUUDUDUUUUUUD 
JUUUUUUUUOUUUUUDUUOUUUUUUULU 

2 10UÖHUOUO rw] ll Ul Uu UU UU UU Ui ui ui UU 

JUIUDIUDUDODUUUDUUUUDUUDD ewll Ul IU i Uu Uu Uu UI Ui LU 
JIUDUUUDUUDUUUUDDUUDDUUDUUUUUUUUUUDnuuuDuuunob 
JIUDUUUDUUDUUDUUDDUUDUDUDUUUUUUUUUUuuuUuuDnuuunoD 
UUN 

JUIUIUDUDUUDUDUUUUDUUDU aew UU UU UU uu UU UU U UI Ui LU 
newWHUUUUUU size] DUDU I I Uu UU LU UU UU ul Uu Uu uUuuuuUnwono 
HOU 


X* xp = new(a) X ; 
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1002 aA UUUUUUUUUY newWHUOUUUUUUUUUU aew Uu Uu U i Uu i i'u 
UU 
JUIUUUUDnuDnuDUUUIUUUDUUDUuUuuguuuuuu 


//: PLACEMNT.CPP -- Placement with operator new 
tinclude <stddef.h> // Size t 


tinclude <iostream.h> 





class X ( 
int i; 
public: 
X(int I = 0) (i - I; } 
~X() { | 
cout << "X::-X()" << endl; 
) 
void* operator new(size t, void* loc) { 
return loc; 
) 
); 
main() { 
int l[10]; 
X* xp - new(l) X(47); // X at location l 
xp->X::~X(); // Explicit destructor call 
// ONLY use with placement! 


) 


JnUUDnewll UU UU u Uu Uu Uu Uu uu Uu Uu Uu i UUuDunuuUuuDnuuno 
JUnw]UlUlUlUUDDUDUDUDUDUUnuunuwnu 

JUIUUUUUUUuUuuuUuuUuuuuUuuuuuumuuuu deleted I UI UL 
“UIUUUIUUUUUUUUUUU'UUUDUUUUUUUUUUUUUUUUDUUDUuuno 
JUIUDDUDDUDUDDUNUUUU 

JUIUUIUUUUUDUUUUUDUDUUUUDDUUUDDD 


xp->X::-X(); //explicit destructor call 


JUIUUDUUDUUUDUDDUUUUUUDUUUUDUUDUUDUDDUUUUUUUU 
JIUUDUUUDUODUUDUUUDUDUDDUUDUUUUUUUUDUUUDUHUUUD 
JIUUUUUDUUDUUDUUUDUDUDUUDUDUUUUUUUUDUuuUuuuuunoD 
JIUDUUUDUUDUUDUUUUDUDUDUDUUDUUUUUUUUDUUUuUuuuuno 
JUUIUUIUUUDDUUUUUUUUUUUUUUDUUUUDDUUUDDUUUDDUUU 
JUIUUOUUUUDUUUUDnewlllll UU I LU 

JUIUDUUUUDUUDUDUDUDUUUUUDUUDUUDUUUUDUDUDDUDUUUU 
UU 


12.6 YU 
JUIUDUUUUDUUUDUDUDUUUUUDUDUUDUUDUDUUDUDUUDUUUL 
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JIUUUUDUUUUNUUUUUUUUUUUDUDDUUUUUUUUU CHOHOHU 
UOUULÖHUÖHUHUOUUUOUD CHUUUUUUUUUUUUUUUE newl delete] O O L 
JUIUUUNUUUUUC—HUUUUDUUDUDUDUUDUUUDUDUDUUDUUUDU 
JUIUUUUUUDUNDUDUUDDUU new] delete] I I iu IU IU i Uu pu n i ui UI. UU 
JUUUUUUUUUUDUUUDUDDDUUUDUUUDUDUNUDUD 17000000L 
HUUOUUUUUY 


127 O00 


LQOUUUOUOUUEUUUUUUUUUUUUUUUUUUUU coel DD DL 
OOOO newn delete] O0 UI UI II i I I I I i Ii i mew I I UI Ui UI UI UI UI UI Ui. LL 
delete] WH I I I I UI Ii iu I i i i i i i i I I UI. LL 

2. lU I pstah] ll I OOUDOUN new I I FI FI I ui Uu â i Il Ii ui Ii i I I'L 
HOUUUUUUUUUUOUUOD 

3OUUUUUUUUUUUUUUUUUUUE new] delete] I I I Ui Ui Ui I i I L.L 
IDDL 

4. U O 0 0 0 FRAMIS.CPPH] [] OO OU OU UO oO oo OU] newl delete[] [] [] [] newl delete 
HOUOUUU 
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N13] UUUUU 


c—uUUlUluuluuUunuuUununnnuUuunuonunuunuuunuuunuouu 
UOUUUUO 

UCHUHHUHUUHUUOUUUUUUUUUUUUU C+OUUUUUUUUUUUUUO 
JUIUUUUUUDUDDDDDDUUNDUDODDOUOUUUUUUUDUUUUUUDUDUu 

JUIUDUUDUUDUDUUUDUDUUUUUUUUDUUDUuDUDUDUUUDnUuUUunu 
JUIUUUUUDUDUUUUDUDUDDUUDUUDUUUUUUUUUDUuDUUuDuuouno 
JUIUUDUDDDUUUD 

JUUDUUDUUUUUDUUDUDUUDUUUUUDUUUDUDUUDUUDUU 
JIUUUUDUDUDUUDUUDUDUDDUUDUUUUUUUUUDuUDUuUuuoDuunouno 
JUIUUUUDUDDUUDUUDUUUNUOUOUUUDUUDUUUUUUUuU 

JUUUUUDUUDUUUUUDUUDUUUDUDUUDUUDULIDUUUUUL 
JUUIUUIUUUUUDOUUUUDUUUUUUDDUUUUDUULU 


13.1 DOUG 


IUDUIUIUODIUUDUDUDDUDUODUUUUDDUDUDDDUUODUDUHOUODUDDUUUODUUD 
IUDDUIUUDDUIUDDDUUDUDDUU 

HOUOUODUUOUODUUUUUUUOUU 

//: USEFUL.H -- A class to reuse 

#ifndef USEFUL H_ 

*define USEFUL. H 


class X { 
int 1; 
enum { factor = 11 ); 
public: 
X() { 1 = 0; ) 
void set(int I) { i = 1; ) 
int read() const { return i; } 
int permute() { return i = i * factor; } 
); 
#endif // USEFUL H_ 


INUUDnuUuuuunnuuunuunnuumuu XUUUUUUUUUUUUUUUUU 
UOULUOUÖUUOUUUU 

//: COMPOSE.CPP -- Reuse code with composition 

#include "..\12\useful.h" 


class Y { 
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int i; 
public: 
X x; // Embedded object 
YO (i = 0; } 
void f{int I) ( i = I; } 
int g() const { return i; } 


ki 


main() { 
Y y; 
y.£ (47) ; 
y.X.set (37) ; // Access the embedded object 


) 


HOUUUUUUUUUUUUUUUUUUUUUUUUUO 
UOÖUUUUULUD private I I Ul Il I I Uu Uu I UI Ui Uu ii i Uu iU Uu ui i ui i ui nu 
HOHUUUUUEUUUUUUUUUUUUEUUUWUUUUUO poblieYP UUUUUUU 
HOUUUUUUUUUUUUUUUUUUUUO 
//: COMPOSE2.CPP -- Private embedded objects 
#include "..\12\useful.h" 
class Y { 
int i; | 
X x; // Embedded object 
public: 
YD { i = 0; } 
void f(int I) (i = I; x.set (1); ) 


int g() const { return i * x.read(); ) 
void permute() { x.permute(); } 
E 
main() { 
Y Y; 
y.£ (47) ; 


y-permute () ; 


) 
00O pemueOl] DI I. Uu 8BU I AU UU UI U AD UI UI Uu I UU i YN UU Uu UI UI UI. 


toa HET 


UOÖOULOUUUUUUUUUUUUUOUOUOUOHOUOUTUU 

UIUUnuUu UUUUUUUUUUU'UUUUUUDUUUUUUUUUDUUDuunD 
JUUUUUDUUUDUUDDUUDUDUUDUUDUUUUDUUDUUDIUDUUUUD 
JUIUUUUDUUUUUDUDUUUDUUDUDDUDDUDUDUUD 

JYDUOUNUOUUUUUUUDUDU YUUD XAUDUUDUUUUUUUUDUDU 
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//: INHERIT.CPP -- Simple inheritance 
#include "..\12\useful.h" 
#include <iostream.h> 
class Y : public x { 
int i; // Different from X's i 
public: 
YO (i = 0; } 
int change () { 
i = permute(); // Different name call 
return 1; 
} 
void set(int I) { 
i = ls 
X::set (1); // Same-name function call 
} 
); 


main() { 
cout << "sizeof(X) = " << sizeof(X) << endl; 
cout << "sizeof(Y) = " 
<< sizeof(Y) << endl; 
Y D; 
D.change(); 
// X function interface comes through: 
D.read(); 
D.permute(); 
// Redefined functions hide base versions: 
D.set(12); 


) 


UO YUUU X00090000U000 YUUU XUUUUUUUUUUU XUDUUUL 
HOUHUHUUUUUUUUUUUUUUUUUUU mano] lll Ii Ui ui i i Uu BU i Ui UI I'L 
[] U sizeof(Y[] [] sizeof(X)[] U U UU 

UOUUUUUUUUYE pwiel UUUUUUUUUUUUUUUUUUUYO private] O 
UHOUUUUUUUY publici VHUUUUUUSO private I I I UI UU Uu IU i i Ui Ii I I I'L 
UUUÖOOL public I I Ui Ul i UI pubic) I UF UF I i I LI LI. publich UU 

[Q changeOU U UU permuceOl] lU I I I I Ui i i UI LI puelic I I I i UI I I I. LU 
UU 

HOUUUUU setOUUUUUUUUUU sell UI i i I I Iii I I Ii hi ii. YI UU I LU 
UU readOU permuteOl] UH Ul Ul UI I i i ui I iu Ii i i UI mainot VUUUWUUUU 
UOUU YUU seod Il I I i iu ill i iii ii ii iniunluuuuuuuunuuuwuno 
UULUUUUUUUUUUUUUUUUUUUUUOULL changeOL[] 

IUUUDDDDUDUDUDUHUUUUUUDDDUDDUDDUDUUDUUUUDDDDDUD sell I I Ll 
INuUguuUUDnuuuuuunguUDnnuUumunnuuuununuuUDUDUuuununwuno 
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C EN E E 1 1211114 12 TE E 
13.3 DOUUUUUUUUUO 


UOUUOUUUUUCHUUOCUUUUUUUUUUUUUUUUUUUUUUUUU 
JIUUUUUDUUDUUDUUDDUUDDUDUUUUUUUUUUUDuUuDunDuno 
JIUUUUUDUDUDUUDDUUDDUDUUUUUUUUUUUDuUUuDUuDuno 
JIUDUUUDUUDUUDUUDDUUDDUDUUUUUUUUUUUuuUuoDununo 
OUOGLOUÖUOUOUUOUOUOUUOUOULT private I I Uu BU Uu iiu 43 Uu Uu I i uu il Uu 

JUIUUIUDUUOUUUUUUUUUUUc—UUUDuUUuUuUuUuonnuuuunu 
JIUDUUUDUDUDUUDUDUUDDUDUUUUUUUUUUuUnuuNuonuuunob 
JUIUDUUUDUUDUDUUDUUUDUDUDUUUUUUUUUuUunuUuuoDuuunoD 
UIUDDDUDODUUUUUUUUUUDUUDUUDUUUUUUUUDnUUDDUUDU bar 
UUUOU food OU bar I i ind] I Uu 3 UU Uu I Uu iu Uu UI. 


foo::foo(int i) : bar(i) { //... 





13.3.1 DOOUUUUU 


JUIUDUUUUDUUDDDUDUUUUUDUDUDUDUUDUUDDUDUUULU 
JUIUUIUUUDDUOUUUDUUUUUUDUUUDUODUUUUUUUUUDDD 


foo2:foo2(int I) : bar(i), memb(i+1) { //... 


O00 foo2 HHUHUUUUUUU br I LIU I Ui I UI UU. mem I I Uu UI UI. 
JUIUUIUIUUIDUUUUUDUUUUUUDUUUUDUUUUDUUUUUUDUDUuuuu 


1332 llUUDUDUDUUUDUuu 


IUUnnDnuuuuuuunnuuuuunuuunnnuuuuuuunnuumunu 
IDlUuUuunumuunuuunnuuunuuunuuuunuuuunuuununuunD 
IUUlnuUuuuuuuununuuuuuuuunnuuunuuuunnnuuuuuunwun 
IUUnnuuuuuuuunuuuuuuuunnuuuuuunnnuumnuuunoun 
IUlnluUuuuunguunuununmuunc—uuuuuunnuuuuunuuuunwun 
IUUlnuumuuunnuuuuunnuwu 

IUuuuunuuuuuuuuuuuuuuuuUnDDDUUUDUDUUUuuuuunu 
IUUUnnnuuuuuunnuuuuuuunnuuuuuuunnnuuunuuunn 
IUUnnnuuuuuunnuuuuuuunnuuuuuunnnuuumunuuunwnno 
UU 

UUluUuuunuuunuuuunuuunnuuunununuuunnumuununuu 
IUlnluUuuunuuuunnunuunnuuuunununuunuu 

class X { 

int i; 
float £;. 
char c; 
char* s; 
public: 


China=büh.eom 010 00000 259 
il _ 


X() : 1(7), £(1.4), c('x'), s("howdy") () 
II ssa | 
IU UUUOUUU” IUDUUOUIUUUOUDUUUUDUUDUUOUDUDUUDUDUD 
IDIDDIDUHUDUDUL 
HOHUUOUUODUUUUUUUUOUUUUUUUUUUUUUUOUU8 
int i(100): 
HOUUUODUOUUUUUODUO 
IUIDUUIUDUOUUUDUOUUDUUUUOUUDUOUUIDUUUUDODUUDUD 
OUOU 


13.4 TUÖHUOUUUU 


JUIUUDUUUUDUUDUUUDDUUUUUUDUDUUDUUDUDUDUDUUUUUUUL 
JUIUUUUUU 


//: COMBINED.CPP -- Inheritance & composition 





class A ( 
int i; 
public: 
A(int I) (i = I; ) 
~A() () 
void £() const {} 


bi 


class B { 
int i; 
public: 
B(int I) (i = 1; } 
-B() () 
void £() const {} 


bi 


class C : public B { 
A a; 
public: 
C(int I) : B(I), a(I) {} 
~C() {} // Calls ~A() and ~B() 
void £() const ( // Redefinition 
a.f(); 
B::f(); 
) 
); 


main() ( 
C c(47); 


) 
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CHU BUUWUUUUUUUUUU AUUDDDUUDUUDUUUUUDUUULU 
HUUOUUUUUOUUUUUUUUUUUUUO 

UUCsfOOOUUUUUUUU BsfQUUOOUUUUUUOUUUUUUUUUY afoud dod 
JUIUUUUUUDDOUUUUDUDUUUDDUUUUUUUUUDUUUUDDUUUDDUD 
HUUUUCsfOUUUUOUUUOUUUUE CUUUUUUY foUUUU afOI Ul Ul B:fOD 

“UU DUDDUUu 

JUIUDUUUUDUUUDUDUDUUUUUDUDUDUUDUUDUUDUDUDUUUU 
JUIUUDUUODUUDDUUUDUDUDUUUUDUUDUDUDODUUDDUUDDUDUUUU 
JUIUDUUDUUDDUUDDUDUUUUDUUDUUDUUDUUDDUDUUDUDUDUUUU 
JUIUUDUUDDD 

JUIUDUUUUDUUUDUDUDUUUUUDUUDUUUUDUUDUDUDDUDUUUL 
JUIUDUOUOUUDDUUDDUDUUUUDUUUDUUDUUDDUUDDUDUUUU 


JUIUUUUUDDUUUUDUUOLU 


1341 nUUUDUUUDUD 


JUIUDUUUUDUDUUDUDUDUUUUUDUDUUDUUDUDUUDDUDUUULU 
JUIUUUUUDDOD 


//: ORDER.CPP -- Constructor/destructor order 
tinclude <fstream.h> 
ofstream out("order.out"); 


define CLASS(ID) class ID { \ 

public: \ | 
ID(int) { out << #ID " constructor\n"; } N 
~ID() { out << #ID " destructor\n"; } \ 


ki 


CLASS (basel) ; 

CLASS (member1) ; 
CLASS (member2) ; 
CLASS (member3) ; 
CLASS (member4) ; 


class derivedi : public basel { 
memberl ml; 
member2 m2; 
public: 
derivedl(int) : m2(1), m1(2), basel(3) ( 
out << "derivedl constructor)n" ; 
) 
-derivedl() ( 
out << "derivedl destructor\n"; 


) 
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class derived2 : public derived1 { 
member3 m3; 
member4 m4; 
public: 
derived2() : m3(1), derived1(2), m4(3) ( 
out << "derived2 constructor\n"; 
-derived2() { 
out << "derived2 destructor\n"; 
) 
); 


main() { derived2 d2; } 


IDDU ofsream I UI UI Ui ui BU I Uu ui iu Ui uu I i Uu i iu uu ni ui LU 
HOUUUUUUUUUUUUUUU BUUUUUUUUUUUUWUUUUUUUUO 
HOUOUUUUUUUUUUUUWUUUUUUUUUUUUUUUUUUUUUUoUo 
IUlnlnnuumuuuuUunnnuuuuuuunnuuuuuuununuumnunuuunoun 
IUIUUUuunUUuuuuUuuunulunuuununuuunnuununuuununuunubnn 
UUunuuuuunnuuuuunnunnuuunno 

basel constructor 

memberl constructor 

member2 constructor 

derivedl constructor 

member3 constructor 

member4 constructor 

derived2 constructor 

derived2 destructor 

member4 destructor 

member3 destructor 

derivedl destructor 

member2 destructor 

memberi destructor 


basel destructor 


JUIUDUUUUDUUDUDUDUDUUUUUDUDUUDDOUDUUDDUDDUDUUULU 
JIUUUUDUDUDUDUUUDUUDUDUUDDUUDUDU—UDUUDUDUUDD 
JUIUUUDUDUUUDUUDUUDUUUDUDUDUDUUUUUUUUUuUuUuuoDuuunoD 
JIUUUUDUDUDUDUUDDDUUDUDUDUDUUUUUUUUUuUuuuoDuuunoD 
JIUUUDUDUDUUDUDUUDUUUDDUDUDUUDUUUUUUUUuUuuoDuuunoD 
JUIUUUDUUDUUDUDUUDUUUDUDUDUDUDUUUUUUUuuuoDuuunoD 
JUUUnu 


13.42 [000 
JUIUDUUUUDUUDUUDUDUUUUUDUDUUDUDUDUDUDUDDUDUUULU 
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JUIUUUDDUDUUDUDUNUUUUUUUUU 


//: HIDE.CPP -- Name hiding during inheritance 





class homer { 

public: 
int doh(int) const { return 1; } 
char doh(char) const { return 'd';) 
float doh(float) const { return 1.0; } 


); 


class bart : public homer { 
public: 
class milhouse (); 


void doh(milhouse) const () 


); 


main() { 

bart b; 
//! b.doh(1); // Error 
//! b.doh('x'); // Error 
//! b.doh(1.0); // Error 


) 


UU bat OU UU dehOU I UU i u UU I UU UI. bac III UU U Uu UU UI U 
JUIUUDUDDDDDUU milhouse OO lIun Uu Uu Uu UU iU iu iu Uu Ul i Uuw 
JIUUUUUDUUDUUDUUDUDUUDDUDUUUUUUUUUUunuuuoDuuunoD 
JUIUDUUUUDU 


13.43 HOOUOUUUO 


JUIUUUUDUDUUDUUUDDUUUDUUUUDUUDUUDUDUDUUDUDUUUU 
JIUDUUUDUUDUDUUDDUUDUDUDUUUUUDUUUUUUDUuUUuDUUUD 
JUIUUUUUUUDUUUDUUDUDDUUNUUDDOUUUODUUUUUUUUU 

UDD operato= JUHHUOCÖUUOUOUUOUÖUUOUUOUUOUOUOUUOUOUUUOUOOUOU 
JIUUUDUDUOUUDODUUUUDUUDDUDUDUDUUUUUDUDUUUDUUUD 
JIUUUUUUUUUDUUUUUDDDUUDUUDDUUDUDUUDUUDUUDULU 
JUUIUUIUUUUUDDDUUUDUDUUUUUDUUDUUUUUDUUUDUUDDU Hu 
JUIUUUUUNUUUUUUDDDDUUDUUUUDUUUUUDUUDUUUDUUU operator= [| 
JUIUUUUUUUDUUUUUUUUUUDUUUUUUDDUD 


//: NINHERIT.CPP -- Non-inherited functions 
“include <fstream.h> | 
ofstream out("ninherit.out"); 


class root { 
public: 
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root () { out << "root()\n"; } 
root (root&) { out << "root (root&)\n"; } 





root (int) { out << "root(int)\n"; } 
root& operator=(const root&) { 
out << "root: :operator=()\n"; | 
return *this; | 


) 


class other (); 
operator other() const { 
out << "root: :operator other ()Xn"; 


return other () ; 


} 


~root() { out << "~root()\n"; } 


); 
class derived : public root {}; 
void f(root::other) () 


main () { 
derived di; // Default constructor 
derived d2 = dl; // Copy-constructor 
//! derived d3(1); // Error: no int constructor 
di = d2; // Operator- not inherited 
f (d1); // Type-conversion IS inherited 


JuUIUUDUDU operator= [OUOUHOUHOUHUHUOUÖUUUUUUUUOUUUOUUNU 
operator other) jl] Ul UI UL UU root I LI I LI. other O I LI I. derived O UU 
root IU ii AUU Uu Uu Uu UI UU LIU OUUU other O I UU i I UI L 
HOUOUUOU 

0 maino VUUUUUUUUUUUUUUUUUUY root QUOUUUUUUOUUO 
JOLHOUHOUHUÖUUÖUUUUUUUUUUUONUONUONUONOUOUOUOHOUHOUOUUOUUOU 
JUIUUUUUUDUUDDUUNUOUUOUOUUUUUUUUUuUuu 

[Q derived [] [] operator=() ll Uu «UI U I Uu Uu uu GU Ul UI UI Uu I Uu Ui.LU 
UOUOUUOY 

JUIUUUDUUDUUODUUDUUUUUUUUDUUDUUDDUDDUUUDUUUL 
JUIUUUUUDUUDDDDUNUUUU— UDUU reel lU IU I Ui I UU. other JI. LU 
UU rot I IU I UnUugUuUDUuDunuuununuUuuunnuuotnuuuouu 
JUIUUIUUUDDOD 


1955 DOUUUUUO 


JUIUUUDUDUUDDUUUDUDUUUDUUUUDUUDUDUDUDUUDUDUUUU 
JUIUUUUUDUDUDUDUUUDUUUUUUUUUDUUUUUUUuUDnounDu 
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JUIUUUUDUDUUDUUUDUDUUUUUUUUDUuUDUuDUDUDUuUunuuun 
JIUDUUUUDUUDUUDUUDDUUDDUDUUUUUUUUUUDUuUuoDunDunob 
JUIUUUUUUDUDUUUUDUUDUUDDULU private [I L 

JUIUUUUUUUDUDUUUUUUDDUDUUUUUDUDUDUU pwl] UU 
JIUUUUUDUUDUDUUUUDUUDUUUDUDUDUUUUUUDUUUUuouuno 
JUIUNUUUDUUUUCcarnUDlUUDnnoDuuwuu 


//: CAR.CPP -- Public composition 





class engine { 

public: 
void start() const {} 
void rev() const {} 


void stop() const {} 


bi 


class wheel { 
public: 
void inflate(int psi) const {} 


); 


class window ( 

public: 
void rollup() const () 
void rolldown() const () 


); 


class door { 
public: 
window Window; 
void open() const {} 


void close() const {} 


); 


class car { 

public: 

engine Engine; 

wheel Wheel [4]; 

door left, right; // 2-door 


); 


main() ( 
car Car; 
Car.left.Window.rollup(); 
Car.Wheel[0].inflate(72); 


) 
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JUUUUUUUUUDDUUDUDUUDUUUUUDUUDUDDODUUUUDUUuD 
JUIUUUUDUUDUDUUUUUDUUUUDUUUUUUUUUUuDngDDUDuno 

JUIUUUDUDUDUUUUDDUDUUUUUUu—UUUUUUUuuuuuouu 
JUIUDUUUUDDUis-al IU UU I i iU. hasa I JJ i I UU UI .U 


13.5.1 DDHUIUL 


HOUUUUUODD ifseam[llllllilllllUUlnununnuluunuunmuulnnmnunu 
HOUUUUUUUOUOYD ifsream[] sesreaml]l] I I II UI LL 

//: FNAME1.CPP -- An fstream with a file name 

#include <fstream.h> 

tinclude <strstrea.h> 

#include "..\allege.h" 


class fnamel { 
ifstream File; 
enum { bsize = 100 }; 
char buf [bsize] ;- 
ostrstream Name; 
int nameset; 
public: 
fname1() : Name(buf, bsize), nameset(0) {} 
fname1 (const char* filename) 
: File(filename), Name(buf, bsize) ( 
allegefile (File) ; 
Name << filename << ends; 
nameset = 1; 
} 
const char* name() const { return buf; } 
void name(const char* newname) { 
if (nameset) return; // Don't overwrite 
Name << newname << ends; 
nameset = 1; 
E 
operator ifstream&() ( return File; } 
Y 
main() ( 
fnamel file("fnamel.cpp") ; 
cout << file.name() << endl; 
// Error: rdbuf() not a member: 
//! cout << file.rdbuf() << endl; 


} 


UOLÖUHUUUUHUUUUUUHUUUUUUOUDOD fnamel []ifstream &0 YUU 
UUUUUUUUUUN ifsteamQ I ll ll fnamel QO UUU main [] L 
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cout<<file.rdbuf()<<endl; 


IUlnlnluuuuuuuunnuuuuuuunnuuuuuunnnuunuuunwun 
HOUUUUU 

UUUUUUU fnamel [][] rdbuf) O UU 

filebuf * rdbuf() {return File.rdbuf();} 


HOUUUUUUUY ifsreamYPUUUUUUEUUUUUUUUUUUUUUUOUUU 
HOHUUUUUUUUUUUUUO 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUo 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUo 
HOHUUUUUUUUUUUUUUWUUUUUUUUUUUUUUUUUUUUUUUUo 
HOUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoo 
//: FNAME2.CPP -- Subtyping solves the problem 
#include <fstream.h> 
#include <strstrea.h> 
#include "..\allege.h" 
class fname2 : public ifstream { 
enum { bsize = 100 }; 
char buf [bsize] ; 
ostrstream Name; 
int nameset; 
public: 
fname2() : Name(buf, bsize), nameset(0) {} 
fname2 (const char* filename) 
: ifstream(filename), Name(buf, bsize) { 
Name << filename << ends; 
nameset = 1; | 
) 
const char* name() const { return buf; } 
void name (const char* newname) ( 
if (nameset) return; // Don't overwrite 
Name << newname << ends; 
nameset = 1; 
) 
J 


main() { 
fname2 file("fname2.cpp") ; 
allegefile (file) ; 
cout << "name: " << file.name() << endl; 
const bsize = 100; A 
char buf [bsize] ; 
file.getline (buf, bsize); // This works too! 
file.seekg(-200, ios::end) ; 
cout << file.rdbuf() << endl; 
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UOOOD ofsteam Il Ul Uu UU I Uu UI i i. Mame2 VUOUUUUUUO 
0O O fname2 [] ofstreeml] HOUUUUUUUUUUUUUUUUOUUUUUUUUUUUO 
UU 1400000 


13.5.2 [ll] 





IDUDDIUIUHUDUUNHUDUUUHUDDUDUUHDUUDUUDUDUDUNUDDUDUUUD 
IDIUDDDDIUUNHDUDUDDDUDUUHDDL 

HOUUUUUOUOO stack QOUUUOUUUUUUUUUUUUUUOUUUUOUOU$U 
HOUYUOUUODUUUUUUOUUUUUUOU—OUUUUUUUUUUUUUUUUUOo 

HOUUUUYUUUUUUUUUUUOO  stackQOUUUUUUUUOUUUUOUUU 
HOO 

//: INHSTAK.CPP -- Specializing the stack class 

#include "..\11\stack11.h" u 

#include "..\11\strings.h" 

#include <fstream.h> 

#include "..\allege.h" 


class Stringlist : public stack { 
public: | 
void push (String* str) { 
stack: :push (str); 
) 
String* peek() const ( 
return (String*)stack::peek(); 
a 
String* pop { 
return (String*)stack::pop(); 
) 
n 


main() (_ 

ifstream file("inhlist.cpp") ; 

allegefile (file); 

const bufsize = 100; 

char buf [bufsize] ; 

Stringlist textlines; 

while (file.getline (buf, bufsize) ) 
textlines.push (String: :make (buf) ) ; 

String* s; 

while((s = textlines.pop()) != 0) // No cast! 
cout << *s << endl; 


} 
000 00 STRINGS.HO 0 12.2.10 0 0 STACKI1H 0 9122300000 12000 
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[l STACK11.OBJ[]l]l] IU UI JU DL 

stringlist[] [|] [] stack [| [] [O pushO[] U U string] O O U UO O UU stackll [O O void] O O U 
UULUUUUUUUUUUUUUUUOUOUOLULD peekoll popol OO stringi I UI IL 
ll veidl] OO I UI Ui i Ui i Il Il Ii I Ii Ii I'L 

INUDUDDDUUUUUDNHDDUDDUUUUDNDDUNDDUUDDUUUDUNHUDL 
lNUHUDUUDUDDDDUUUUUUUDUUDUNHNDDUDUD 

HOUUUUUYUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoo 
HOUGUOUOOO 1200 OU stack::~stackOU DUUUUUUUUUUUUUUUU YE delete 
HOUOUUU ved] UUU deleteYHUOUUUUUUUUUUUUUUUUUYE veial O OULU 
U WU OU UU UU OU stringlist::~stringhstOW DU UU UUUUUVUUUUUUUUUS stringi 
HOU deleteYOOUUUUUUUUUUUUU 

1) stack[] [ll] O U UUU protected[] [O O U U stringlist O O O O O O O O UU protected[] 
HOOUOUdUU Uo 

2) O0 O stakJOUUUUUUUUUUUUUUUUUUUOD 

»UÖÖUÖUÖUUOUOUOUOUUUUUOUOUOUOUOUOUOUOUOUOUOUOUOUOODOOOOOUOUUUU 
HOUUUUUEUUUUUUUUUY stringi UU UU OU stringistH O0 UO Ll UU 

HOUOUUUUUUUUUUUUU DUUUUUUUUUUUUUUOO 


13.5.3 OUUU 


UUUUUUUUY pebic I UDD privateW UUUUUUUUUUUUUY 
JUIUUUUDDUDUUDUUDDUDUUDDUUUUDUDUUUDDDUUUDUDUUWDUU 
JIUUUUDUDUUUDUUUDUUDDUDUUDUDUUUUUUDUUUUuUuno 
JUIUUIUUUDDOUUUDUDUUDUUDDUL 13.5.10 Ll FNAME2.CPP|] O [lU 

JUIUUDUDUDU private ll] UU I Ui iu Uu I Uu U3U iu Uu UU i UI. UI. private] UU 
UUUUUY private] lIu UU uu UU IIu Uu uu UU Uu Uu uu Ul Uu u 3 I Uu UU Uu UU 
UOLOUUÖHUHÖHUHUOULD private] UU privaeel]l UU UU Uu UU U I I.D 
JUUIUDUUUUUDUDUUUUDUUUDUUUUUUUUUUDUUUDUDLU 
private] I I U I I UL 

“-HHOUOUUUUUUO 

HUUUUUOUUUUUY publich JUHUD privaeW UI UU Uu Uu UI Uu TU I I. 
UOUUUUUUUY peblicQWOUUUUUUUUUY 


//: PRIVINH.CPP -- Private inheritance 





class basel { 

public: 
char £() const { return 'a'; } 
int g() const { return 2; } 
float h() const { return 3.0; } 


); 


class derived : basel ( // Private inheritance 


public: 
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basel::f; // Name publicizes member 
basel: :h; 


); 


main() ( 
derived d; 
d.E(); 
d.h(); 
//! a.g(); // Error -- private function 


) 


UOLÖUUHUUÖUUHUUUUUUOUUUUD private] I UU UU 
JUIUDUUpretel] IU i UU Uu UU Uu Uu Uu I Ui Uu Uu UU I Uu UU UU UI Ui .LU 
JUIUUUUUUDIUD 180 00 LL 


13.6 ULU 


UU O protected] ] I I UI I I Uu Ui U U I UI UI i iU I privaee I I UU I UI UI UI UI I UU 
IuuuuguuuUunDnUUuuuuuuuuuunnuuuunnuuuluuuuuwn 
protected] TU I I UI UI Uu I I I UF” UUUUUUUUUUUY priva I UI UI Il UI UI UI D.J 
IUDunununnuw 

UOUUUUHY privaeWOUOUUUUUUUUUUUUUUUUUUUUUUUUUUO 
HOUUUUUUUUUUUUUUU 

//: PROTECT.CPP -- The protected keyword 


tinclude <fstream.h> 


class base { 
int i; 
protected: 
int read() const { return i; } 
void set(int I) (i = I; } 
public: 
base(int I = 0) : i(I) {} 
int value(int m) const ( return m*i; } 


}; 


class derived : public base { 
int j; 

public: 
derived(int J = 0) : j(J) () 
void change(int x) { set(x); } 


hi 
main() {} 


UU U CUU SSHAPEY] UO OUUUUUUUUY protected] O O0 I UL 
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UOUUUUU 


UHOUUUUUUUYS private] OU UUUU publici VUUUUUUUUUE privatel][] 
HOUOUEUUE pwnc] I UlUnnunuuunguunuunguHnunnnugunnun 
[] O Ll protected[] [] O U 

10000000000000°0000°0000000000° is-'UUUlUDUU 
HOUOUUUUUUUUUUUUOUO 


13.7 UD 


JUIUDUUUUDUDUUDDUDUUUUUUDUODUDUUDUUUUDUDUUUU 
JUUUUUDUUUDUUDDUDUDUUUUUDUDUUDUUUDUUUDUDUUWDU 
JUIUDUUDUUDUDUUDUDUDUUUUDUUUDUDUUDUDDUDUDUDUUUU 
JUIUUUUUUUUUDUUDUUDUDDUUOUOUOUUUUDUUUUUuUuUuDnunu 

JUIUDUUUUDUDUUDUDUDUUUUUDUDUDUUDUUDUUUUDUUDUUULU 
JUIUUIUUUUDUNUUUUUDDOUUUUUUU oelDUUUUuDnuuuu 


13.8 OUOU 


JUIUDUUUUDUDUUDDUDUUUUUDUUDUDUUDUUDUUDUDUDUUUL 
JUUUDUDUUDUDUUDDUDUDUUUUDUUUUDUUDUUDUDUDUDUDUDUUUU 
JUIUDUODUUDDUUDDUDUUUUDUUUDUDUUDDUDUDUUDUDUUUU 
HUHUUUUUUUUUUUUUO 

JUIUDUUUUDUUUDUDUDUUUUUDUDUUDUUUUDUUDUDUDUUUU 
HUHUUUUUUUOUUUUUUUUUO 

JUIUDUUUUDUDUUDUDUDUUUUUDUDUDUUDUUUDUDDUDUUULU 
JUUUUUDUUDUUUDDUDUDUUDUUDUUUDUUUUUUUDDUUUUuD 
JuUUDUUULU 

JUIUDUUUUDUDUUDDUDUUUUUUDUUDUOUOUDUUDDUDUUUUL 
JUIUDUOUOUUDUDUUDDUDUUUUDUUUUDUDODUUDDUDUDUDUUUU 
UUUUUUUUUuu' uUuU'UDUUUUUUUDuUuUuuUUuUUuuUDuUDuUuuuu 
HUHHUUUUUUUUUUUUUUUUUUUUUO 

JUIUDUUUUDUUUDUDUDUUUUUDUDUUDUDUUUDUUDDUDUUUU 
UUDUUUUUUUUUUDUUDUUUUUUUUuDuUuUUuuuuuu Oud) 
UUUuUD'  UUuUUuUUUiuu1uuzUUUUUUUUUuuUUuUUuUUuuDuUDuUuuuu 
JUIUUUUUDDUUUUDUULU 


13.9 (000 


UIUUHDHDDDDUDDDHUUHDDDDofsren/ UVUUUUUUUUUEY ofsream[] O LL 
IDDDDDDD1351l] U FNAME2.CPP{] U U U ofstream[] O U U UUU U fname? U OUUU 

OOOOOOOOUOOUUOUUOOOOOUOUOUOUUOOOUOUOUOUUUUUULULU 
OU OUUUUODUUUUUO NU 

HOUUUYUUUUUUUUUUUY — 0000000000000 
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instrument] [I] hi UU UI UI hi Ii i I i II wind] I i i Ui I i i uu I i hi i i I Ii i Ui IL 
ULULÖUUOUUUÖUUUUOUUOUUUUUUUOUUUUUUOUUUUUUUL instrument) 
O0 playOllll I UUUU wind PUUUUUUUUUUUUUUUO wind) instrument O O O 
IUlUuuunnuunnunununumunnuunnwu 

//: WIND.CPP -- Inheritance & upcasting 

enum note { middlec, Csharp, Cflat }; // Ete. 





class instrument { 
public: 
void play(note) const {} 


bi 


// Wind objects are instruments 
// because they have the same interface: 
class wind : public instrument {}; 


void tune(instrument& i) { 


JA ona 
i.play (middleC) ; 


) 


main () { 
wind flute; 


tune (flute); // Upcasting 


) 


UUUOUUOUUUUUSE taneOll TOO OL instrument] O O OU UU O mainO[] O tuneO[] 
UOUHOUODUOOUDD wind UD UU UU I Uu Uu UU U CHHIOCODOOUOUOUÖUOUHUDU 
JUIUUUUUUUUDUUUUUDUUDUUDUUUUUDDOUUUUDUUUDU wind] OU 
UU U instrument] [] O taneO[] O O U instrument WO O OOO wind] OOUUUUUUUUUO 
tuneQU O UU UU U instrument] [] instrument] JUUOUUUUUUUUUYE wind] O I. D 
UOUOUUUOY instumentTOUUOUUUUUUUUUUUUUU fy ny 


13.9.1 O00" 0000" 


DO0000000000000000000000000000 
o0§00000000000000000000000000000 | wind ` 
000000000 g wiND.CCPI 00000 ieee 

0000000000000000000000000000000000000000 
0000000000000000000 —0000000000000000000000 
0000000000000000000000000000000000000000000 

‘OO00 

000000000000000000000000000000000000000 
001700000000 
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13.9.2 (OHOOO 


JUIUUDUUUUUUDDUDDUUUUUUDUODUUUUDDUDDUUUUUUDULU 
O OO staecki OJOHOOUOÖHUOOOUT senglisd] 0 00O seineg I I I U Uu U UU iL) 
JUIUUUUDDDUUDUD 


//: INHSTAK2.CPP -- Composition vs inheritance 
#include "..\11\stackii.h" 

#include "..\11\strings.h" 

#include <fstream.h> 

#include "..\allege.h" 


class Stringlist { 
stack Stack; // Embed instead of inherit 
public: | 
void push(String* str) { 
Stack.push (str) ; 
AA 
String* peek() const. ( 
return (String*) Stack.peek () ; 
) ' | 
String* pop) { 
return (String*)Stack.pop(); . 
| 
); 


main() { 

ifstream file("inhlst2.cpp"); 

allegefile(file); 

const bufsize - 100; 

char buf[bufsize]; 

Stringlist textlines; 

while(file.getline(buf,bufsize)) 
textlines.push (String: :make (buf) ) ; 

String* 8; | 

while((s = textlines.pop()) != 0) // No cast! 
cout << *g << endl; 


} 


O O UUU NHSTACK.CPP 1352] ) OU UU UU 0 stack] 0 OO U OU stringlist[] U 
OLOHOOUOÖUUOOUOOOUOOUOOOUOOD srngisd] I I Uu HU I Uu Uu UU I Uu Uu I Uu. 
JUIUUUUUuUnunuDuUnnuuuunugunuuuuouu 

HOUUUHO privae I UI UI DDU U UOUN strinelis]lI JU UI UI U I.U 
JUnUU—UuDUuUunuuununuUunuuuuuusnununuuuonnuuunoD 
JUIUUUUUDUUDUUDUUUDUUDDUDUUUUUUUUUugunuuNuuuuunoD 
JUIUDUIUUDDODUDUUU 


China=pubecom nin oooon 273 
Un TTT 


1393 TOUUOUUUU0U 


O0 WIND.CPP(1I3. DO 00000000000000 —UUUOYd wind] II UU LU 
HUOUUHUHUOUUULIT instrument O O L 
JUIUUUUDDDUDUDUNUUNUDODUUUDULU 


wind w; 





instrument* ip sw; // upcast 


instrument& ir 


UHUUHUUUUUUUUUUUUUUUUUUO 
13.9.4 0 


UOUUHUUUUUUUUUUUUUUUUUUUUd 

wind w; 

instrument * ip = &w; 
UOUUUU ip UU Ll instrument] I LU I UI I I i i i I I I | pmo 00020 wind] O O L 
OUUU payo UUU 

ip->play(middleC); 
UO UUUUUUUUUUY instrumenti O UU playOU U OÜ instrument:: play0] UU UUU 
UHOUUUUUUUO windi: payg I I I I Ii UU hi i i i i. 

IUUUUDDDDUDUDUDUUUUUUDDDUUDUUUUUUUDDDDDUDDUDUDU C++ 
UU virtual] I I I UI I. 


13.10 OU 


JUIUDUUUUDUUUDUDUDUUUUUDUDUUDUUDUUDUDUDDUDUUUU 
JUIUDUUUUUUDUUDUUUDUDUDUUUDUUUUUDUUUDUUUUUUUD 
JUUUUUDUUUDUUDDUDUUDUUUUUDUDUUDUUUUUUDDDUUDU 
JUIUUUUUUUUUUUUUDUUDDDUUDUNOUUUUDUHUUUUU 

JUIUDUUUUDDUUDDUDUUUUUDUDUDUDUDUUDDUDUUUU 
UUHOUUUUUUUUUUUUUUUUUO 

OUOGOUHUUUUOUOUÖUUOUUUOUOUOUOUOUHUUOUUOUOUOUÖUUODOUOUOUOUOHUOUUU 
JUIUUDIUUDUUUDUUUUNUUUUNUUUUDUUUDULIUUUUUDUDUDUUD 


13.11 UU 


1. JO CAR.CPPH VU OUUUUUY vehicle I UU vehicle I i I u DU I UL 
JUIUUUDDDDDUUNDUUIDUU verice I Il UU i iu U UU Ui card UU I UU. LU 
UUUUUU 

2 O00000 AU BUOUOUUUUUUUUUUUUUY AUUUUUUUUUE Co 
UOUCUOUU BUUHUUUUUUUU COUUUUUUUUUCUUUUUOUUUUUO 

3. Il Il I Il Ii I Uu UU 120 0 PSTASH.H & PSTASH.CPP[| U O pstashllll OO UO 
UU U String} (OOO PSTEST.cPPY] UO UUUUUUUUH pstash UUOUUUUO 

4. O U privatel] protected] VHUHUHUUUUUUUUUUUUUUUUUUUUUUY 
HUHUUUUUUUUUUUY 


w; // upcast 
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114] OUOUÖUUUU 


10000 CHIOHOCOUOUOUOUUOUUUOUUUONOUOUUUUUODUOUOUOUUOUOUI 
UOUUUUU 

JUIUUNnuUunuUDnuuUuDNnuuUuuuUDn” what” []” how” I Un UD UI UU U 
UIUDUUUDUUDUUDUUDUUUDUDUDUUUUUUUUUUuUuuUuuoDuuunob 
UNnIUUNUU' UU'UDUUUUUUUUIUDUUUU'DUUu'u 

JUIUUUDUUODUUUUUUDUDUUUOUUUUDDUD private] i I I UI UU LU 
JUIUDUODUUDUDUUDUUDUUUUUUUDUUDUDODUUDDUUUDDUDUUUU 
JUIUDUODUUDDUUDUDUDUUUUUUUDUUDUUOUUDDUDUDUDDUDUUUU 
JUUDUODUUDDUUDUDUDUUUUUUUDUUDUODUUDDUDUUUDDUDUUUU 
JUIUDUODUUDDUUDUUDUUUUUUUUUDUUOUUDUDUUDDUDUUUU 
JUIUDUODUUDDUUDUDUDUUUUUUUDUUDUODUUDUUDUDDUDUUUU 
JUIUUUUUUDUUUDDUUOUNOUOUUUUUUU 

JUIUDUUOUODUUDUDDUUUUUDUDUUUDUUDDUUDDUUUUUUUU 
JUIUUUUUDDDUUUUDUULU 

*CHUOUOUUUU 

CHUHUUUUUUUUU C++ 

nIUUnuUunnc—UUUU 000 COUUUCHOUOCUUUUUUUUUUUO 
JUIUDUOUUUUUDUUUUUDDOUUUUUUCc—UDUUDUUcUUUUUuUUuouu 

UNnIUUUU'UDUIUU”Uc—UUUUUUUuuuUUuuUnuuuuUDuuunuunuu 
JUIUUUUUDUUUUDUUUUUUUUUDUUUUUUUUUUUDUuUUuDnnuuuu 
JUIUUDUDUDUUUCUUUUDUUUUUDDUUDUDUUUUUDUDUUDUDUDU 
JUIDUUDUUUUDCHUUUDUUDUUUUUUUUDUDU 

JUIUUDUODUUUUDDUUDUDUUUUUUDUUUUDUUDUUDUDUUUUUUUU 
JUIUUUUUUUunune—uUDUHUDUDUUOUUUUDUUUUUuuuUuununu 

JUIUDUOUOUOUDUUDUDDUUUUUUDUUUUDUUDUUDDDUUUUUUUU 
JUIUUUUUUDUUDUUUUOUOUUUUUUUUUUUUDnuUuDUnouno 

JUIUDUUUOUUUDUUDDUUUUUUDUUUUDUUDUDUUDDUUUUUUUU 
JUIUUUDUUC—UUUDUDUDnDuUuUuunuunnunuusnuoSguuunuuuuno 
UOUHUUUUÖUUUUUUUHULT OOP 

JUIUUUUDUDUUDUDUUDDUUUUUUUUUDUuUDUDUDUDuUuUunuuuno 
JIUDUUUDUUDUUDUUDDUUDDUDUUUUUUUUUDUDUUUDUUDUD 
JIUDUUUDUUDUUDUUDDUUDUDUDUUUUUUUUUUDUuUUuDUuDuno 
UUHUOUUOUUUUUUUO 


141 (000 
JUIUUUDUUDUUDUDDUUUDUUUUDUUUDUUDDDUDUDUUUL 
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HOUHYOUOUUUUUUUUUUUUUUUUUUUUUUUWUUUUUUUUUooo 
HOHOUUUUUUUUUUUUUUUUUO 
HOOHUUUUUUUUUUUUUUUUUUOO$ 
//: WIND2.CPP -- Inheritance & upcasting 
#include <iostream.h> 
enum note { middleC, Csharp, Cflat }; // Etc. 





class instrument { 
public: 
void play(note) const { 
cout << "instrument::play" << endl; 
) 
); 


// Wind objects are instruments 
// because they have the same interface: 
class wind : public instrument { 
public: | 
// Redefine interface function: 
void play(note) const { 
cout << "wind::play" << endl; 


} 
); 


void tune(instrument& i) { 


E usi 
i.play (middleC) ; 


) 


main() ( 
wind flute; 
tune (flute); // Upcasting 


UU tuneo] OOUUUU UU UY instrument WOU UU 0 UU instrumenti O 0 Ll [Ll 
mainOl] VU I i i i I Ui I I I I I. wind] O O O tuneQU UU UU LI Ll UU instrument [] 
IDDDDDHUDD windi O O O windi UO U U U instrument[l] O O O O O wind[] instrument[] [] 
UDDUDD wind OO" OO “UUUUUOU PU instrument] O0 II I. I. LU 

HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUUoUoUo 
HOU 


14.2 UL 
WIND2CPI FUHUOUUUUUUUUUUUUUY instrument::playl] O O 0O i Uu i LU) 
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JUIUUUUUUUUDUUUDDDDUD wind O O OO Ul instrument] O O O 000D 
[ wind::play 0 O O O instrument] JLUÖHOÖUUÖUOUHULDD play UU UI UL 

UUUOUUOUUU CUUUU WIND2.CPPH OT UHUUUUUUUUOUUUUUUUUY 
UOUUUUU 


UOUUUUU 


UOUHUHUUUUUUUUUUUUY binding VUUUUUUUUUUUUUUUO 
JUIUUUUUUDUUDUDUDUUUUOUUUUUUUDUUUUUUUuDnunu 
CHHUHUUUUUUUUUUUUO 

JUIUUUuuUuuuuUuunuuUunluluunuUuuUubU instrument] ] UD UU I UU LU 
UUUUU 

JUIUDUUUUDDUUUDUDUDUUUUUDUUDUDUUUDUUDDUDUDUDUUULU 
JUIUUDUUDUUDDUUDDUDUUUUDUUDUUDUDODUUDUDUUDDUDUUUU 
JUIUDUUUUDDUUDDUDUUUUDUUDUUDUUOUUDDDUUDDUDUUUU 
JUUUUUDUUUDUUUDDUDUUDUUUUUDUDUUUDUUUDUUDUDUUWDU 
JUIUUUUUUUDUUUU 


14.3 DOO 


HUHUUUUUUUUUUUUUU CHU UUUUUUUUUUUUUY virtual lU 
OOOO virtua OOUUUUUUUUUUUUUUUUUUUUUUUUUUO 
virtual] JUHU UI UI Uu Ul u u3U i Uu Ui uu I i. 

UOUUUU drull] I Uu Uu Uu DU Uu uu LU iu Uu I I I I I i | virtual) U 
IuuunnuuuuuunnuuununuUDUUnuununuUnuuunuguunnunbun 
UULUUOUUUUUOUUOD arall] il UI iu uu LU UI UI IU]. virtud OUUUUU 
virtual] Ul UI I UI Ii Ui UI Ui UL 

O O O WIND2.CPPLCJUÖHÖUUOUUUOUUUOUUUUOULUL playOll OOD virtual[] 
OL 

//: WIND3.CPP -- Late binding with virtual 

tinclude <iostream.h> i 

enum note ( middleC, Csharp, Cflat }; // Etc. 





class instrument ( 
public: 
virtual void play(note) const ( 


cout << "instrument ::play" << endl; 


} 
Ys 


// Wind objects are instruments 
// because they have the same interface: 
class wind : public instrument { 


public: 
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// Redefine interface function: 
void play(note) const { 
cout << "wind::play" << endl; 
} 
a 


void tune(instrument& i) { 
EP a 
i.play(middleC); 


main() ( 
wind flute; 
tune(flute); // Upcasting 


) 
JuUIDDOUUDUDD virtual hl UI I Ui Il WIND2.CPPL I I i uu I Uu Uu iU 
O ODODO wind::play[] 


OOD 


000 payoOUUUOUUO virtual] O OO O caneOI UU UU Uu lu HU uu UI UI. LU 
UUUOUUUU SOPHHUHUUUUUUUUUUUY treQUOUOUUUUOUUUUUO 
HUUYUWHUUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUad 


JUIUDDUDUUNUONDUUUUUUUuUu 
UUU instrument) I I UU UU Uu 8BU iu Uu Ul Uu Uu Uu UU Ui u UU UiUuUuDuu 


OOO Ll tuneO[l 0 Ll 
//: WIND4.CPP -- Extensibility in OOP 
#include <iostream.h> 
enum note ( middleC, Csharp, Cflat ); // Etc. 


class instrument ( 
public: 
virtual void play(note) const { 
cout << "instrument::play" << endl; 
) 
virtual char* what() const { 
return "instrument"; 
} 
// Assume this will modify the object: 
virtual void adjust(int) {} 


t; 


class wind : public instrument ( 
public: 
void play (note) const { 
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cout << "wind: :play" << endl; 





) 


char* what() const { return "wind"; } 
void adjust(int) {} 


bi 


class percussion : public instrument { 
public: 
void play(note) const { 
cout << "percussion: :play" << endl; 


} 


char* what() const { return "percussion"; } 
void adjust(int) {} 
E 
class string : public instrument { 
public: 
void play (note) const { 
cout << "string::play" << endl; 
} 
char* what() const { return "string"; } 
void adjust(int) {} 


bi 


class brass : public wind { 
public: 

void play(note) const { 
cout << "brass::play" << endl; 


} 


char* what() const { return "brass"; } 


yi 


class woodwind : public wind ( 
public: 
void play(note) const { 
cout << "woodwind::play" << endl; 


} 


char* what() const { return "woodwind"; } 


); 


// Identical function from before: 
void tune(instrument& i) ( 


(E asx 
i.play(middleC); 


// New function: 
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void f(instrument& i) { i.adjust (1); } 


// Upcasting during array initialization: 
instrument* Af] = ( 

new wind, 

new percussion, 

new string, 

new brass 


); 


main() ( 
wind flute; 
percussion drum; 
string violin; 
brass flugelhorn; 
woodwind recorder; 
tune(flute); 
tune (drum); 
tune(violin); 
tune(flugelhorn); 
tune (recorder); 
f(flugelhorn); 


} 


UOLOUUÖHOUÖHOUOHU wind] IU I UU UU U I UI.) virtual] I Uu DI UU UL 
UUUUUY adjustOU O O O O brass woodwindl] I UU UU Uu UU UU u UU U I UI. UU 
nuUu—UDUUUuDUUUUDUDUDUDUDUUUUUuUuUuUunuUuunuuuouuunoD 
JIIUDUUUUUUDUOUULU 

UU AUUUUUUO instrument I DU Ul UU UI Uu Uu UU UU UU I Uu Ui .LU 
HUUU fOUHUUUOUUUUUY 

UU tueeQU UUHUUUHUUUUUUUUUUUUUUUUUUUUUUUUUUo 
IUUUuUuUuuuu'UuuUuuuUuuUuuuuuuUuuUuUuuUuuuUuUuUUuuUUuuU OO virtuall O 0 L 
JUIUUUUDUUDUDUUDUUDUDUUDUDUUDUUUUDUUUUDUuUnuuuoDuuunob 
JIUUUUDUDUDUUDUUDUDUUDUDUDUUUDUUUUDUuUmuuuoDnuuunoD 
JUIUUUUDUUDUDUUDUUDUDUUDDUDUUUDUUUUDnUuUuuuuoDunuunoD 
JUIUUUUUDUUUC—UUDIUUDUUDUUDUUDUUDDUDUUUUUUUDUDU 
JUIUUUDUUUDcUUDDUUDUUUDDD 


14.4 C++HJOOUUUOUT 


JUIUUUDUDUUDUUUDDUUUDUUUUDUDUUDUUDUDDUUDUDUUUUL 
JUUUUUDEUUUUUUDUUUDUUUUDUUDUUDUDUUDUUU cUUDunuuno 
JUIUUUUUUUUuUnununununnuDnununo 

OOD virtu) IU UU UU UU Uu uu Un Ii u UU iu UUN i Uu UU i ui Ll 
JUIUUUUDUUUDDDDDOLD brassi I UU YU instrument] O UU play O UUUUU 
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UUUUUU 

JUlUUUUUDUUDUUDUUUUUUDUDUUUDHUUDUDU  vTABLE[UU 
VTABLEL TUUHUUUUOUUOUUUUUUUUUUUUUUUUUUUUUUUUUUo 
UUUUU vpointerl] I VPTRII UI UI UU Ui VPABLE UI U UU U Uu I UU. UU 
JIUDUOUOUDUDUDIUUUDUDDOUOUUUUD VPTRUO OO YTABEEI] I UUUUU 
JUIUUDUUDUUUDUUDUDUUDUDUDDUUD 

01020000 YTABLEO OOO YPTRUDU UUUUDUUUDUUUDDUUDUUUULU 
JIUDUUUUUUDUUDUUDDUDUDUDUUUUUUDUUUUuUuUUuDuDUonD 
JUIUUUUUuuUuuuunuuuwuu 

JUIUDUUUUDDODUUUDD 


1441 (00000 


IUIDlUDDlnnDUUDUHUDUIHUUUUUIUDDUDDUHUDUNHDDUNHUDUU 
HOUUUUUUEUUUUUUUOUUUOUUUUUUUUUUUUUUUUUUUUUUUo 
HOUUUUUUUUOUUUOUUUUUUUUUUUUUUUUUUUUUUUUUoUoo 

//: SIZES.CPP -- Object sizes vs. virtual funcs 
#include <iostream.h> 





class no virtual | 
int a; 
public: 
void x() const () 
int i() const { return 1; ) 


); 


class one virtual { 
int a; 
public: 
virtual void x() const () 
int i() const ( return 1; ) 
y 
class two virtuals ( 
int a; 
public: 
virtual void x() const () 


virtual int i() const ( return 1; ) 


cout << "int: " << sizeof(int) << endl; 
cout << "no virtual: " 
<< sizeof(no virtual) << endl; = 
cout << "void* : " << sizeof(void*) << endl; 


cout << "one virtual: " 
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<< sizeof (one virtual) << endl; 
cout << "two virtuals: " 


<< sizeof (two virtuals) << endl; 


} 


JUUIUUDUUUUDUDUDUDUDUUUUDU iel lU i UUUUDUUuUnoU 
one_virtuall] O O UO UU no virtual] O0 OOOO ved UI UU UU Ul Uu UU Uu UU i Ui .LU 
JUIUUUUUNUOUOUUUUUUDUDDDDDUL VPTR U one virtual [| two_virtuals[] 
JUIUUDDDDULN YPTRIUUDUUUODUUDNUUODUUUUDUDUUUUUUDUU 
JUIUUUDUUDD 

JUIUUIUUDUUODUUUUUUUUDDUUDUUDU C+H+OUU0UUUUUUUUUO 
JIUUUDUDUUDUUDUUDUDUUDUDUDUDUUDUUUUUUUUUuDuuunoD 
UIUUUUUUUUUUUU U'UUUuuDUUunuUuuUuuuUuunuuUuuuDuu 
virual]lll II UlIUUUDuu'uU'UUUUUDUUUuuUuunuUuUDUuuuuDUDuuuounoD 
JunUUDUial DU UU I UU UU UI i i LU 


1442 l]DDDLD 00 VTABLEs: 
instrument nd ae 
0000000000000000 0000 ^U mpr e- Fait adua 
000000000000000000 Le percussion object 
0000000000000 14.30 FS 
WIND4.CPP[] 00000 Avo aC a aa 
DO instumen0000000000 n 
00000000000000000 brass object 
instrument |] U O U wind[] percussion[] 
string bras 000000000000 
[] O instrument] (0 00 0 0 [ instrument ll 14-1 


JUUUUUDUDUUUDUUDIDUUUDUUUUUDUUUDDUUDUUUDUUUDUuU 
UUUOGUUUE instrument] Uu UUUUDDUUUDUuunuuUuunuunuuouu 
JUIUUUUUDUOUUUUDUDUUUDUDU vital JUJOOHOCÖHUOUUUODOUOUUUUU 
JUIUUDUUDUDUDUUUUUDUDUDUDUUUUUUUDUUDDUUUUDUUDUDU 
VTABLEJT UT UHUUUUOHUUUUUUUUUUUUUUUUUUUUUUUUUUUUO 
HOU virtual UI UN UN Uu Uu UU UU UU UU UU Uu UU: virtual OUUU 
JIUDUUUDUUDUUDUDUDDUDDDDOLDD brass] VTABLE[] O adjust] O O0 OOD 
JUDDUUUDUDUODNUUDDDDUD VPTRUU O SIZESSCPP YU OUUUUUUUUUUY 
UUUUUUGUUUO VPTRI VPTRUIIUUUDDUDUDUDU VTABLEY}OUOUUUUU 
UUUOUUUUUUUUUW 

UO PPTRJDUUUDUDUDUDU VTABLEV OD OUU* UU” UUUUDUUUUUUL 
JUIUUDUUUDDOUNUUUUUU 

JUUUUUDUUDUUUUUDUUDUDUUDUDUUDUUDUUDULIUUUU 
JUIUUUDUDOUUUUUUUUDUUDUUDUUDUUUDU cArL UI iUUUUUU 
JUUUDUUDUUDDUUDUUDUUDUU instrument) O O O brass[] [O adjustOU 
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instrument 10000000 

000000 instrument] OO OOOOOOOCCO00C00000000 instrument 
0000 instrumenQ 000000000 
VPTROOO0O000000000000000  mewment e go) 
000000000000000000 VPTRO lc as 
VPTROO VTABLEOCOOODOOODU 
VTABLEO O 000000000000000 D 14-2 
play00 0 0 0 0 whatO[] O O O 0 adjust00 0 
D000000000 adjust00 000 VPTR+20 000000“ 0 instrument::adjust[] 0 O 
D0000*0000000000000000 000 0" 0 VPTR+20000000”00 
O0 YPTROQOCOOCOCOOCO000000000000000000000000 0 
000000000000000000000004 


1443 0000 


JUIUUDUUDUUDUUDUUDUDUUUUUUUUDUUUuDUUDUDUUUDUUUuu 
JUIUDUIUUDUDDUNDUDDUOLID MI instrument&i O UU 


i.adjust(1); 


JUIUUUUUUUUUU 


push 1 





brass VTABLE 
Gbrass::what 
&wind::adjust 






push si 

mov bx,word ptr [si] 
call word ptr [bx+4] 
add sp,4 


c—l]UUIUluuuncluunnnuuluunnDUugnUuuDnnoDuuuubUcuuno 
JnIUDDUDUUI:uUDUDUUUUUuDUguHuguuUuDno sil intelxs60 I UU UDu 
Ji UDI Uu Uu UU Uu Uu Uu 5BU UU Uu uu Uu i ui u uu ui «UU Ii UI Uu ui U 
thislU)]UlUlUUUUUDDDUUdausDlUDlUlUDUDUUUDuUuUuUuUuuuuuuuu 
JUUUUUUUUUDUUUDUUUDUUUDUUUDUUUDUUUDUUUDUU 
UDD static I UU UID]. this 

JUIUUUuUuDnuuunundunnunDnnunu vPTRIUUDUUD VTABLE[] O DO 
JUnUUDDYPTRUIUDDUDDDUUDD thisJOOUUUU VPTROUUUUU 


mov bx[] word ptr[si] 


UU sil 0 is OO UU UUUU VPTRO O OO vPTR OU UU bxi LU 

UU bx] OU UU VPTROUOUOUU VTABLE] OU UUUUUUUUUU VPABLE UU O 
JUUUUUDUUDUUDDUUUUUUDUUDUDDTUUUUDUUDUUDUUDUUD 
JUIUUUUDUUDDUDUUD YFTRUUDUUUDDUUUDDUUDUUDUDUUDUDU 
JUIUUIUUUUDUUUUUDUUUUUUDUUUDDUUDUUU adjustOO I UU ULD 
UUUOUUUUU TABLE I UUUUUDUUUUUDUUUULU 

JUuUDn-YTABEEI]UUUUUDUUDDUUUDUUDUDUDUUUUDUUDDUUUU 
JUIUUUUDUDUUUU 


call word ptr [bx+4] 
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JIUUUUDUUUUUUUUUUDuUunununucic—UUnuuDunuunoD 
JUIUUUUUUDUUUUUUDUUUUUDUUUUDDUDUUUu 


14.4.4 [] [] vpointer 





UU vYPTRUIUUIUDUUNUIUUUDDUUDUUDDDU VPTROUOUOUUUUO VTABLE[] 
100000 YPTRUUIDUDUUUUDUUUDDUUUUDUDUUUUDUUUUUUDU 
JUIUUUUUDDOUUUUD WINDIUDDUNUUUUUUUUUUU 

JUIUDIUDUDDUODOUUUUUUUU wINDDDDUUUDUUUUUDUUDUDULU 
JUUIUDUDU VPTROUOUUUUUUY instrument] JOUUOUÖHOUUUOUOUOUODU 
instrument] l] LI Uu UU UU UU Uu Ui u Uu ui GUI UID 

JUIUUUUUDDUUUU YPTRIUUDUUUDDUD 


14.4.5 []llLIU DL 


NUUuuuUUUUUUUDUDUDUUUUUUUUUUUUUUUUUUUUUUUUL 
IUlncuUIDDDUDDDDDDDUDDUDDDUDUUUUUUUUUUUUUUUUUDHNDL 
UluuuuguuuuuuuuuuuuUuUuuUuuUuuuuuunnnnnnnnnnnnnnno 
Ouuu 

//: EARLY.CPP -- Early binding & virtuals 

#include <iostream.h> 


class base { 
public: 
virtual int f() const { return 1; } 


); 


class derived : public base ( 
public: 

int f() const ( return 2; ) 
= 
main() { 

derived d; 

base* bl = &d; 

base& b2 = d; 


base b3; 

// Late binding for both: 

cout << "bl->f() = " << bl->f() << endl; 
cout << "b2.f() = " «<< b2.f() << endl; 
// Early binding (probably): 


cout << "b3.£() = " << b3.f() << endl; 


} 


U b1->f00 b2f0OU DOH UU UUUUOUUUUUOUUY BI b20 00 0 base] I UI I.D) 
HUHUUUUUUUUUUUUUUUUUUUUUY BB fOUUUUUUUUUUUUUY 
JUIUUUDUDOUUUUUUUUUDDUDUDU bas VUUUUUUUUUUUY basel] O 


284 C++0 000 China=puh.eom 
ee re 


JIUUUUUDUUDUUDUUDUUUDUDUDUUUUUUUUUUunuuuonuuunob 
UOUUU 


145 DOUUUUUU 


UUUUUUUUUUUUuuw OOOO 
“OU UUUUUUUUUUUDUUDUUDUUUUUDUuuunn” 

UIUUUUUnucu—uUDUIUUDU UUUUUUUUUOUU UUUUUUOUUUO 
JUIUUUUDUUNDOUUOUUUUUDUUUUD CALLUOOHOUÖHOUOUUUODUOÖUUUUU 
JIUUUUDUDUUDUUDUUUDUUDDUDUUUDUUUUUUDUUUuUUuUUuD 
JIUUUUDUDUUDUDUUUUDDUDDUDUUUUDUUUUUDUDUUUUUUUuD 
JUIUUUUUDUUDUUUUUUDUUDDUDUUUUDUUUUUUuunuUuuuuunoD 
1000000 "UCHUUCUUIUUIUUI Uu UU UU CUu TU UU â UU Uu Ii Uu UU 
JUUDUUDUUDUUDU—rUnkx—.. UU UUUUUUDUDDUugunc—UDUUU 
HOUUCUOUUOUUU PUCOUUUUCHOUUUUUUUUUU" UUUUUDuunoD 
UUUUUUU'”'UUUUU' UUUUUUUUUUDUUUUUUUUUUDU'DUL 
10000000 CUUUOUUUU C-HIJOGOUUOUOUOOUOUOUOUUUOUUOUOUOOUOUUHU 
0100 -YTABLEIl]UUUUUDUUUUDUUUUUUUUUDUUuUUunuuuuunuuu 
Stroustrup O IU UU I ODUUUUUUOUUUUUUUUUU'O 

000 vitu) IU UU UU Uu UU Uu IU iu u U3Un i Uu UUN iu Uu UU i ui LU 
JIUDUUUUUUDUDUUDDUDUDUDUUUUUUDUUUUDUUDUuDUDUDD 
JUIUUUUUUUUUDDUDUDUDUDDUUDUDUULUD 

UUUUUUUUU C+UUU0UUUUUU COUUUUUYU 1077 0UU0UUU0UU 





HOUUUUUUUO pi 
“virtual void play) | [O 0 O 
146 (U0U0ÖUUUUUU virtual Int adjust); 
[110 0 0 instrument] (000 0 0 instrument y | 
000000“0"*0000000000000 |  Î/ fF |N 
UOUUÖUOUUUUUUOUUUUUU LL instrument] 7 wind ^, ‘percussion’, “string ^ 


: void play) : :voidplay() : ; voidplayC) : 
0000000000000000000000 apwo | votawnet() | void wnai | 
000000000 ja & aa 
00000000000000000000 
00000 —00000000000°00°OD o. A . 
00000000000000000 “void play’) wold play 
00000000000000000000 ea | Gnade: 
0000000000000000000000 AAA aa 
0000000000000000000000 0 143 


UUUUUUUUUUUUS instrument] I] UU 3 U Uu Uu UU. LU Iu UU I ui ui ui UU 





DI] OOO Smaltak] I OUUOUUUUOUUUOY 
2] lUlc-—HUDDIUDIUDUDUDDUDUUIUUDUUUDDUDDUDU 
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UUUUUOUUUUUUUO 

UOÖLOUUÖUUÖUUÖUUOOUD virti OUUUUUUUUUUUUUUUUUUUO 
JUIUUUUUUUUDUUUUUDUDUDNUUDUUDD vital] OOO Uu «LU UU I Uu I UU EL 
JUIUUUUL 

JUIUUUDDUUUUUDDDOUDU instrument OUUOUUOUUUUUUUUUUUO 
0 OOD instrument] UUIUUUUUDnUDDODUUUUDD UD instrument] O O OU 
JUIUUDUUUUDUDUUUUDUUDDUU instrumenti VUUUUUUUUUUUUUY 
JIUUUUDUDUUDUUDUUDDUUDUDUDUDUUUUUUUUUUuUuuoDuuunoD 
JUIUUUUUDDD 

CHOU UOUUUGUUUUUUUUUUUUUUUUUUUUO 


virtual void x() = 0; 


JUIUUUUUUDUUD VPABLEG UQUOUUUGUUUUUUUUUUUUUUUO 
JUIUUUUUUDUUDDODDUUUDUDD YTABLEIILUUUUDUUUDUUUD 
JUIUUDUUDUDOD 

UOUUOUUU YTABLEIUUUUUUUDUDUUUUUDUDUUDDUDUUUDUDUUD 
IUlUUUUUUUDUUUDUUDUUUUUDUUDUDUUUUUUDDUUUUUU 
JUUIUUUDUUUDUUUDUUUDUUUDUUUDUUUUUDUDUUUDUU 





HOU 
000000 WIND4.CPP 14.30 VO 0U0U0U000 
//: WINDS.CPP -- Pure abstract base classes 


#include <iostream.h> 
enum note { middleC, Csharp, Cflat ); // Etc. 


class instrument { 

public: 
// Pure virtual functions: 
virtual void play(note) const = 0; 
virtual char* what () const = 0; 
// Assume this will modify the object: 
virtual void adjust(int) = 0; 

); 


// Rest of the file is the same ... 


class wind : public instrument ( 
public: ki 
void play(note) const { 
cout << "wind::play" << endl; 
) 
char* what() const { return "wind"; } 
void adjust(int) {} 


); 


class percussion : public instrument { 
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public: 
void play (note) const { 
cout << "percussion: :play" << endl; 
) | 
char* what () const { return "percussion"; } 


void adjust (int) {} 


); 


class string : public instrument ( 
public: 
void play(note) const { 
cout << "string::play" << endl; 
) 
char* what () const { return "string"; } 


void adjust(int) () 


); 


class brass : public wind { 
public: 
void play(note) const ( 
cout << "brass::play" << endl; 


) 


char* what () const { return "brass"; |). 


); 


class woodwind : public wind { 
public: 
void play(note) const { 
cout << "woodwind::play" << endl; 


} 


char* what() const { return "woodwind"; } 


); 


// Identical function from before: 
void tune(instrument& i) ( 


(PF aw: 
i.play(middlec); 


// New function: 
void f(instrument& i) { i-adjust(1); ) 


main() { 
wind flute; 
percussion drum; 
string violin; 
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brass flugelhorn; 
woodwind recorder; 
tune (flute); 

tune (drum) ; 

tune (violin); 

tune (flugelhorn) ; 
tune (recorder) ; 
£(flugelhorn) ; 


) 


JUIUUUUDUDUUDUUDUUUUDUUUUDUUUUDUUDUDUDUDUUUL 
JDD 

JUIUUUUDUUDUDUUDUDUUUDUUUUDUUDUUDUUDUDUUDUDUUUL 
JUIUUUUUDUUDUUDUDUUUDUDDUUUDDDOUUUUUUUUU 

UUUOUUUUU YTABLEEUDUUUUUDUDDUDUUUDUUDUUDDUUDUU 
JIUUUUDUDUUDUUDUUDDUUDUDUDUDUUUUUUUUUUuDUuoDuuunoD 
JUIUUUUUDUUDUDDUUUUUUUUUUUUUDUUUUUUUUuDnuDnuUuouno 


UOUUU 


JUIUUDUUUUDUUDUUDUDUUUUUDUDUUDUDUDUDUUDDUDUUUU 
JIUUUDUUDUUUUDUUDUDUUDUDUDUDUDUUUUUUUUUuoDuuunoD 
JUIUUUUUDUUUDUDDUUDUDNUODOUUUUUUUDUDUUUUUUDUU 


//: PVDEF.CPP -- Pure virtual base definition 


tinclude <iostream.h> 


class base { 

public: 

| virtual void v() const 
// In situ: 


virtual void f() const = 0 { 


It 
o 


cout << "base::f()An"; 
) 
); 


void base::v() const ( cout << "base::v()\n";} 


class d : public base { 


public: 
// Use the common base code: 
void v() const { base::v(); } 


void £() const { base::f(); } 


bi 


main() { 
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[ base VIABLE] TU UUOUUUUUUUUUUUUUUUUUUUUUUUUOUUo 
0O OL 

JUUUUUDUUUDUUDUUDUUUDUUUDUUDUUUUDUUUDDUDDUDUU 
HUOUUUUUUUUUUUUW 


14.7 000 VTABLE 


HOUOHOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUU0 
VTABLEI LII I I I I I Ui Ui i Ii i Ii uu I i i Ii Il hl i i I i Ui Ii I i I i I Fi Ii Il I i I 
O YTABLEII III UUUUUUUUUUUUUUUUUUUUUUUWOUUUUUoU 

UUUUHHUUUUDDUDODDDDDDDUDDDUDDUDUDDUNUNHNHND 

//: ADDV.CPP -- Adding virtuals in derivation 

tinclude <iostream.h> 


class base ( 
int i; 
public: 
base (int I) : i(I) () 
virtual int value() const ( return i; ) 
i | 
class derived : public base (| 
public: 
derived (int I) : base(I) {} . 
int value() const { 
return base::value() * 2; 
} 
// New virtual function in the derived class: 
virtual int shift(int x) const { 
return base::value() << x; 
} 
hi 


main() { 
base* B[] = { new base(7), new derived(7) ); 
cout << "B[0]->value() = " 
<< B[0]->value() << endl; 
cout << "B[1]->value() = " 
<< B[1]->value() << endl; 
//! cout << "B[1]->shift (3) = o" 
//! << B[1] ->shift (3) << endl; // Illegal 


) 


China=puh.com 0/0 000000 289 
Ol 


U base] O O UUUU valueOl] UU derived] I] I UU LI shiftOU UOUUUUUU 
U value] iU IU Uu «UU Uu U Uu Uu UU 





OOOO basell derived] 0000 base vtable MAWN | derived vtable | 
VTABLEL @base::valuel KOTTI 

00000000 derived VTABLED Il Gderived::shift 
value[] OU JU LI U U base VTABLEL OU UU J 144 


HOUUUUUUUUY derived] IU UI UD 
shift] JU UU VTABLEI] UI UI I UI i I derived] i Il UI UI Ui uu i i La ui i i i iu 
HOUHUUUUDUEUUUUUUUUUUUUU vTABEEILUUUUDDUUUUUUUUUD 
UOUUUUUU VPABLEF Ii I Ui uUIunuuunuuunuuuuuuununununu 

IUlunluuuuuuuunuuunnuunnununnn valvel lll Il Il i UU LU 
IUUnnUuunnuuunnuuunuuunnuuuuuunnunuuuuuunwun 
OOOO derived} ] I I UI UU Uu Ui Ul Uu i i Uu i i UI UI.) shift] OO UI LI] VTABLEL O DO 
IDlUDIuuuuunguunuuunuunuunnunnunnnnvraABLEI] UI UI i I I UL 
IUUnnuuunuuunnuuuunuunnnuuuuuunnnuuuuuunwuno 
OUUU 

HOUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoo 
IUUnnuuunuuunnuuunuunnnuuuuuunnnuuunuuunnuno 
OUL 

((derived*)B[1])->shift(3) 
UOULUÖUUOOU BHAD derived] i UU Il I I ui Ui DU i Ui Ui uu Ill Ui iu UU Ui 
IUUlnnuumuuuunnnuuuuuuunnuuuuuuunnuuunnuunouno 
IUUlnDuumuuuuUunnnuuuuuuunnuuuuuuunnuuunuunuouno 
IUlnlnuuuuunnuuumuunununununnunun RTT 

IUUUUUUuuunuunuuugnuunuuunuununuw Uo ood’ oo 
HOUOUUUUUUUUUUUUUUUUWUUUUUUUUUUUUUUUUUUUd 
IUUnDuunuuuuUunnnuuuuuuunnuuuuuuunnuuununuuunno 
IUlnlnuuuuunuuuuuunnuumuuunuuunuunnuwuwu 

UIislnunuc—UIUDUHUUDUHnuUDUnD 

“OUUU 

IUUnnuuuuuuunnuuuuuuunnuuuuuuuunnuunuuu 
IUlnluUuuunuuuunuuuunuuunnunuununu "UUIUUUUUDD 
IUUnnnuuunuuunnuuuunuuunnuuuuuunnnuuuuuunonn 
INUUnuuuuunnuuuunnnuunuunnumuun 

IUUnnnuuuuuunnunuuuuuuunuuuuuuuunnuuumuwunu 
Il UU'UUUUUDUUUUDUUUUDnUUuuunuUuuuUuuUuguuununuu 
UULUUOUÖUUOUUUUU 

//: SLICE.CPP -- Object slicing 

#include <iostream.h> 


I] IIUUUIUUUUUUUUUUUUUUUUUUUUDUUUDDUUUUDDUUDUDUUuuuun 
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class base ( 
int 1; 
public: | 
base(int I = 0) : i(I) {} 
virtual int sum() const { return i; ) 


); 


class derived : public base ( 
int j; 
public: 
derived(int I = 0, int J = 0) 
: base(I), j(J) O 
int sum() const ( return base::sum() + j; } 


2; 


void call(base b) { 
cout << "sum = " << b.sum() << endl; 


} 


main() { 
base b(10); 
derived d(10, 47); 
call(b); 
call(d); 

) 


UU callo] UUUUUUUUUY base] LI UUUUUUY base VUUUUYU sumol 
JUIUUDUDUUUDUUUDD oI UDUDULU 
UU STUUUUUUUUUY 100] 

JUIUUUUUUDUDUUUDUDUDUD 
calOl ll UU i base I i Ul I i UL 
lUUUUUDUUUUUUUuUnbd basel HUUL 
O0 caog JOUUÖUUUHÖUDOUL basel] UU 
HHUUOUUUUUUUUUUUUUUUO 
UUUU baseQOUOUUUUUY cai 0 UU 
OLÖHUHUUUUÖUOUOOUD bsseGOUUUUUUUUUUUUUUUUO 

JUIUUUUUUUUUUUUUNUUUUUDUUDDDUDDOUDDbaed] I UU UI OOL 
UO UO derived] O UU derived] JUUUUUUUUUUW 

JUIUDUUUUDUDUDUDUDUUUUUDUDUDUUDUDUUDDUDUUUU 
JUUIUUUDUUDDUDUUUUUDUUDUUUUDUUUUUDUUDDIUUUUDU 
JUIDUUDDU base] DU UD Ui Uu iu Uu uu UN U Uu UU IU. VPTRU[] [ base VTABLEE[] O L 
JUIUDDUUDUbasell UD UU UU Uu Uu Uu UU Uu UU I Ui uu UaU UU I Uu I UI. LU 
JUIUUIUUUDDUUUUDDOUUUUDDUUUU basel OU 

JUIUUUNUUUUUUUUUDUUUuUDuoSUuuuunnUDUuuuunuUnuuu 
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JIUUUDUDUDUDUUDUUDUDUUDDUDUDUDUUUUUUUDUUuguuuuno 
JUnIUUIUUUDDOUOUUUDUUUUUUDDUUUDUODUUUUUUUUUDDD 


148 JUHOUOUUU 


JUIUUUuUuuUuunuUuununununun vpPTRUUUUUU VTABLEL O L 
IIUUUUDUDUDUUDUDUUDUDUUDUDUDUUUUDUUUUDUUuuuoDuuunoD 
JUIUDDDDDDDUDN YPTRUDUDDDUUDUUUUUOUUUUUDUUUUUUDUDU 
VPTRIlIUIUUDUUDUUDUDUUDDDUUUDUDUUUUDDUUUDUDUU 
JUD*YPTRDUIUUIODUDUUUUUDUUUUDUIDUUUUUDULU 

JUIUUUUUDUDUUininel OUUUUUUOUUUUUUUUUUUU CHIHUU 
UU imine I JU UUUUUUUuuUUUuunu'Uu'UUUUUUUUuUuUUuguUuuno 
JIUUUDUUUOUOUUUDUDUUDUDUDUUUUDUUUUDUDUUNHuDUUUuD 
HUOUOUUUOU 

JUIUDUUUUDDUUDUUUUDUUUUUDUUDUDUDUDDUUUDDUDUUUL 
JUIUDUDDUDODUD VPTRIOÖDOOÖUODUOD tisld O O O O operator newW I 000D 
JIUUUUUDUDUUUUUUDUDUUDUDUUUUUUUUUDUDUUUuDUuUDD 
JIUUUUUDUDUUUUDUDUDDUDUDUUUUUUUUDUuODUUuDUuUuono 
JUIUUUUDDDUUNUUUUUU 

JUIUUDUUUDUUDUUUDDUUUUUUUUDUUDUUDUUDUDUUUDUUUu 
JUIUUIUOUUUUDOUUUUUDUUUUUDUUUUUUUDUUUUDDDUUUUU 





1481 OOUUUUUO 


JUIUDUUUUDUUDDUUDDUUUUUUUUDUUDUUDUUUDUUUUUUUuu 
JUUUu 

JUIUDUUUDUUDUUDUDUUUUUUUUDUUDUDUUDDDUUUUUUUunu 
JUIUDUUUDUDUUUUDUDUDUDUDUUUUUUUUDUUDUUUuDUuUDD 
JUIUUIUUUDUUUUUUUUUUUUUUUUUUUDUUUUUDUUUUDDunoUuu 
JUIUUUUUUUUUUDUDUUUUUuUUguDnunnnunnunousuuuuuuu 
JUIUUUUUDUDUUDUUDDUDUDUUDUUUUUUUUDUuDUUuuoDuwuouno 
JUUUUUDUUUUUUDUUDDDIUIUUDUUUU clas xl] lUUUnunnnuuno 
JUIUDDDUDUNUUUULU 

JUUIUDUDUUUUUUDUDUUDUUUUUDUDUUUDUDUUDDUUUUD 
public [| protected] Il] UL Uu 3 Uu u PUuu i uil iu Duu Ii u CU UU DU I I uu UI. LU 
JUUUUUDUUUDUUDDUDUUDUUUUUDUDUUUDUUUDUUUUDUUWDU 
JIUDUUDUUUODUUDUUUDDUDUUDUDUUUUUUUUDUuUUDuuuno 
JUIUDUUUUUDUUDUUUDUDUDUUDUDUUUUUUUUDUUUuUuuuunoD 
UUUUUUUUuUUugUuUuUuUDuuw UUUUUUUUuuUDuuUuuu'uuuUuuuu 
JIUDUUUUUODUUDUUUDDUDUUDUDUUUUUUUUDUUUUDUUUD 
JUUUUUDDUUUUUDUUUUDUUUUUUUDUUUDUUDUDUUNWUUUD 
JUIUUUUL 
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14.8.2 VWUOUOUUU0UUUO 


JUIUDUUUUDUDUUDUDUDUUUUUDUDUUDUDUOUDUDUDDUUDUUUL 
JUIUUUUDIUDUUUOUUUUDUUDDUDUDUDUUUUUDUDUUUUUUUuD 
JIUUUUUDUUDUODUUUDUUDDUDUUDUDUUUUUUDUUUUUuUubD 
JUIUUDUDDUDUDUUUUUUUUDUUUUUUUU 

JUIUDUUUUDUDUUDUDUDUUUUUDUDUDDOUOUUDDUDDUDUUUU 
UHUHUOUUUUUOUUUUUUUUUUUUOUUO 

JUIUDUUUUDUUUDDUDUUUUUDUDUDUDOUUUDDUDDUDUUUL 
JUIUUUUUuUuguuuu—UuUU huU uu uu UUuuuUuuUunuuunusuuoDuuunb 
IUUUUUUUUUnuu' UU ou" od” UUDUUUUUUUUUUUUUUL 
JUIUUUUDUDUUDUUDUUUDUUUDUUDUDUDUUUUUUDUUUuUuuunob 
UUUUUUUUU 

JUUIUUUUUUUUDUUDUDUUUUUDUUUDUUUDUDUDUUUNDUuno 
VPTRUIIUUUUUUUUU'UDU'UUUUUUDUUUUUUUUUUUUUDDUD 
JUIUUUDUUDOUUUUUUUUDUUDUUDUUUUUUUUD -UUUUDDUDUDu 
JUIUUUUUUUUUUUUUDDOUOUDDIUDUUDDYPTRUUDDUUUUDU UD VTABLEL 
JUIUUUUDDUUNDUDUUUUUUUUUUUUUDUDDDD YPTRUUUDUDUDU 
JuUIUD YTABLEILUUUDDUDUUUUUDUUUUUUUUDUDUUUUUUDDUD 
VPTRI OOO YTABLEIJ VOUUUUUUUUUOUUUU vPTRULI UI UU UU I UU Ui .LU 
JUIUUUUUDUUUDUDDUUUDUDDUUUUODODUUUUUUDUUUUUUU 

HUUUOUUUUUUUUOUUUUUUUUUUUUUUUUUUU vPTRUIUUUUU 
VTABLEI]UDUUUDUUUUUUDUDUUUUUDDUD VYTABLEQ OOOO L 
0 VTABLEI]IUUDUUUDUDUUDUDDUD vTABEEII]UUDUUUDUUUDUUUU 
JIUDUUUDUDUDUUDUUDDUUDDDUDUUUUUUUUUDUDUUUDUDUUD 
JUUIUUUUUUDUUUUDUDUUUUUDUUUUDDOnD 
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JUIUUUUUDUUDUUUPUUUUUUUDUDUDDUUUDUUUDOUUUUUUU 
UUUUU 
JUIUDUUOUUDUUDUUDDUUUUUUDUDUUDUUDUUDUDUUUUUUULU 
JIUDUUUDUOUOUUUUODUDUDUDDUUDDUDUUUDUUU—rduD 
JUIUDUUOUUUUDUUDDUDUUUUUUUUUDUODUUDUDUUDUDUDUUUU 
JUIUDUUDUUUUDUUDUUDUUUUUUUUUDUODUUDUDUUDDUDUUULU 
JUIUDUOUUUUOUUDUDUDUUUUUUUDUDUOUUDUDUDUDDUDUUUU 
JUIUUUuuuwunu 
JUIUUDUOUOUUUDUUDUUUUUUDUUUUUUODUUDUDUUUUUDUUU 
JUIUDUODUDUUUDUUDDUDUUUUUUUUUDUUDUUDDUDUUUDDUDUUUU 
JUIUUUUUUDUDUDDUUUNUUOUUUDUUUU 
JUIUUUUUUDUDDUUDDUUUUUUDUUUUDUUDDUDUDDUUUUUUUU 
JUUUUUUUUDUDUUDUUUDUUDUDUDDUUUUUUDUDuDuUouno 
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HOUOUUUUODUUDUUUODKE deleted O OOOO nwQWOUUUUCUUUUUUUODUU 
IDNIDIDDDUDUDUUOUDUDDDDDDUDUDDUUDDDUD delete OOUOUO0OUUU0UU0UUUU 
IUNUIDIDIUONUIDDDDUDUUDUDUDUUOUDDIDUUUNUIDUDUUUUDDDUUDUDUL 
HOUOHUUODUUUDUUUUODUU 

IUIUDIUIUUUDUUUUDU'” UU'UUUUODUUUUUDUUUUDUUUD 
IUUIDDIDDUUIUUDUDDDUUUDDUUDDDIUIUDUDDDDUUDUDD VPTROUOU 
IDUINDIUDDIDUDDDUDUDDUD 

IUDDIDUIUUNDIDUIUDDDUDUUDDDUUUODDUUDDDUUHUDUDUUDDL 
IUDINIUUDUIUUDUUUDUIUUDUIUUDDUIUUDDUUDDUUDDDUDDDUULD 

//: PVDEST.CPP -- Pure virtual destructors 

// reguire a function body. 





#include <iostream.h> 


class base { 
public: 
virtual ~base() = 0 { 
cout << "~base()" << endl; 


} 
hy 


class derived : public base E 
public: 
~derived() { 


cout << "~derived()" << endl; 
) 
E 


main() { 
base* bp = new derived; // Upcast 
delete bp; // Virtual destructor call 


} 


JUIUDUUUDUUDUUDUUUUUDUUUDUUDUUDUDUDUDUUUUUUUnu 
JUIUUUUDUUDDUNUUUUU 

JUIUDUUUDUUDDUUDDUUUUUUUUDUUDUDUUDUDUUUUUUUu 
JnDDDUUDUUUUUuuuunwu 


UOUUUUUUUUO 


JUIUDUUUUDUUDDUUDDUUUUUUUUUDUUDUDODUDUUDUUUUUUUu 
JUUUUUUUUUUUUDUDUDUUUDUUUDUUDUUDUUDUUDUDUUDUDUUDUuU 
JIUIUUUUUUUUUUDUUUDUDDDUUDUDUDDOUUUUOUOUUUUUUUU 

JUUUUUDUUUUUDUUDUDUUDUUUUUDUUUDUDUUDUUDUU 
UIUUnuUuUuuUUuUUUuUuUuUuuUuUu'UUUu'UDUUUUDUuDUUDuuDuunD 
UUUUUUu'uUUu'UuuUuDnuUUUuuUUuUUuuUuUuuUuUDuUUUuUUuumuuUunuUUuuuu 
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OOOCÖUUÖUUOUÖUUOUUUODUOUOUUUODUOUUOOUUOUOUUOUOUUODOUUODU SU 
OU" UUUUUUUUUUUDUUUUUUUUUUUDUDIUUUUUUUuUDuUuuuu 
JUIUUUUUUUDUUUUDDOUUUUDUD VPTROUOUUUUUUUO 
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UOUOUCHOUUUUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
JUIUUUUUDUDUDUDUDUDUUUUOUUUUUUUUUUUuDnunu 

JUIUUDUUDUDUDUUDDUUUUUUUUDUDUDUDUDUUUDUUUu 
OUOUHÖUUHUUHÖUUUÖUUOUOID const] switchi IL Uu Uu Uu 43 Uu Uu UU Uu UU I L 
JUIUUUDUDUUUUUUDDUUUCc—UDUUUNDUunuSDununuuuuununo 
JUnIUUDUUDUDUUUDUUUUUUUuuUUUuuUuDnuDnngunuuUuuuUuuUuunob 

JUunnuuuuumuUDDDnuunununuuuumguD”DDUunnuuunuuuuuuunoD 
JUNunuuuuUumUUDnnuuuunuuuUuDDUnuununuuuuumuUDDnuunnnuu 
JUUUuuuuununnnunuuuumuuUgugDUUuUDngnnnunuuuunuuunnunu 

JUIUUUUUDDOUOUUUDUUUUUDUCc—UDUUUUUUUUDDUUUUD 1500 
JUIUUUDUD 7IDUIUUUUUDUUUDUDUUDUUDDDUUUUDUDUUUUD 
JUIUUUUUUDUNUUUUDUULU 


14.11 QQ 


1 QUOQUUUUUO” shape” []UDUUDUU shapell I I. I I. Ul. circle[] sguarel] 
triangle] HOUOUUUUUUUU drawO i UU UU UU Uu Uu Uu Uu UU Uu Uu Ui.LU 
OOD shaped JOÖHOUOUOÖUUUUHUUOUUUUOUOUUULUODUUODOUOUUODUDD dawOl 
JUIUUIUUUDDOUUUUDDUUUUDUUNUUUUUDUDUUUU 

2. 00001000 drawOU HU WU UU UUUUUUUO shaped Uu UU UU UL 
JUIUUIUUUUDDUNDUDDUDUDU drawOU UUUUO 

UUUUuUuUuDuUuuuUunDunuul”uunuUuuUunuUuuUDunnuuununuuno 
JUIUDIONUIUUUDUDUUUUDUNUUUUDDLD 

4 I EARLYCPII]UUIDUUUUDUDUUDUUDUUDUUDUUUUUUUL 
JUIUUUUUDDUD 

S IlUUIUDUNUIUUUDUUDUUUUDUDDOUUUUUD classXQUOUUUU X 
JuUUUcasYDDUDUUUUUUUDDUDOUUUUUDUDDUUU XUUDUUULU 
JIUUIUDUDDUDOUUUUUDUUUUUDUUDUUDUDUDUU XUUIIUUIU Uu Ii Uu Ui Uuno 
JUIUUUUUDUUL 

cUUNUIUDUUUUSHUDDUUUDDUUUDUDUUUUUDUUUDUUUUUUL 
01000 YPTRUUUDDUUDUDUUDUDUUUDUUUUDUDUUUUUUUU 
JUIUNUIUUUDDD 

A-UUUIUUUOUUUUUUOUUUUUDUUUUUUDUUDUUUUUUUUUUDnunwnu 
JIUUUDUDUOUOUOUUUDODUUDDUDUDUDUUUUUDUDUUUUDHUUUD 
JnIUNUIUDUUIDDOUUUUDUUUU 

6. JUUUUUUUUUUUUUUUUUUUUUUUOUNUNOUOHNOUONOUOOUOUI 
JUIUUIUUUDUDUUUUDDOUOUUUDUDUUDUUDUUUU 





Nis} OÜUUUÖDUUU 


UOULÖUUHUOUUUUUUOUUUOUUUL (building block) OUOUOUUUUUUO 
HOU 
JUIUUUDUOUDUUODUUDDUUDUDUUUUDUUDUDUDUDUDDUDUDUUUU 
UUHUOUUUUUOUUUUUUUUUUUUUUO 
JUIUUOUUUUUDUDDODUUUUUUDDDUNUODUUUUDD Smalltalk O O L 
JIUUUUUUODUUUUDDDUUDUUUUUUUDUUUUUUUDD c++0 000 
UHUHUOUUUUUOUUUUUUUUUO 
UUOHUUUUU c0 UUUUUUUUUUUUYO Smaltak] I Uu UU I Ui uu Uu Uu 
UUUOUUUY Smalltalk QOOUOUUCHHOOUUGUOUUUUUUUUUUUUUUOO 
UOUUUU 
JUIUDUUUUDDUDUDUUDUDUUUUUDUDUUDUUDDUUDDUDUUUU 
JnIUUunUuc—uUuUlUuUuuUununuuuuuuuuuu 
Juc—uUUlUuIUunuUununuuUuumuDnuuuuounnuugunuununuu 
JIUUUUUUUUUuguDnunuUunUDuoHuiluouUunUuuuuuuuuuu 
JUIUDUOUOUUDUUDDUUDDUUUUUUDUUUUDUUDUDUDDUUUUUUUU 
JUIUUUUL 
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JUIUUUCIUUDUDUDUUDDUUDDUUUDUDDUUDDUDUDUUDD C++ 
JUIUDUUOUUUDUNUUUUDDUUUUUD seek] IU lU UU UU Uu UI UI LU 
UOUUUUU 


//: ISTACK.CPP -- Simple integer stack 
#include <assert.h> | 
#include <iostream.h> 


class istack { 
enum ( ssize = 100 ); 


int stack[ssize] ; 


int top; 
public: 
istack() : top(0) { stack[top] = 0; } 
void push(int i) { 
if(top < ssize) stack[top++] = i; 
} 
int pop() { 


return stack[top > 0 ? --top : top]; 
} 
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friend class istackIter; 
a 


// An iterator is a "super-pointer": 
class istackIter ( 
istack& S; 
int index; 
public: 
istackIter(istack& is) 
S(is), index(0) () 
int operator++() ( // Prefix form 
if (index < S.top - 1) index++; 
return S.stack[index]; 
} 
int operator++(int) { // Postfix form 
int returnval = S.stack[index]; 
if (index < S.top - 1) index++; 
return returnval; 
} 
}; 
// For interest, generate Fibonacci numbers: 
int fibonacci (int N) { 
const sz = 100; 
assert(N < sz); 
static F[sz]; // Initialized to zero 
F[0] = F[1] = 1; 
// Scan for unfilled array elements: 


int i; 
for(i = 0; i < sz; i++) 
if(F[i] == 0) break; 


while(i <= N) { 
F[i] = F[i-1] + F[i-2]; 
i++; 

} 

return FIN]; 


main() { 

' istack is; | 
for(int i = 0; i < 20; i++) 
is.push (fibonacci (i)) ; 

// Traverse with an iterator: 

istackIter it(is); 

for(int j = 0; j < 20; j++) 
cout << it++ << endl; 
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for(int k = 0; k < 20; k++) 
‘cout << is.pop() << endl; 


} 


llisteckl] VU I UI i Ilu Ilu Yi Uu I i i I Il I i i li I i uu ull Ul i Ii i i iu hi Ii I'L 
HOHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoo 
0000 

HOU istackIlterY JOUÖHUÖUUOUUUUUOUUOUOUUL istakJOUUUU0GUUG 
HOOL istackIter[] istack[] OU U U U UULU istack] J OO OOO 0 

HOUGOUOO L istacktter] QO UU U istackYOUUUUUUUUUUUUUUUUU 
istackIter|] [II I i i Fi i i i I LUI bI i uii II I i Ui Ui Uu Pi Ii i I Ii I i i i Il Ii I. LU 
INUDDUUDDUUUUUDHDUDUDUDDDUDUUUDHDDUDDUDDUUUUDNHDDUL 
INUUDUUDDDUUUUUDHDDUDUDDDUDDUUUDDNHDDUDUDUDDUUUUHDUNHDUDUUL 
HOHUUUUUUUWUUUUUUUUUUUUUUUUUUUUUUUoUo 

HOUUUUUDUUOY fibonacci OO I I I EI Ui Il II II UI "3 Uu Uu I I Ii I I UI. LU 
lnNHHNHDDDDUUUDDDDDUDL 

01000 main O I I UI Ui Uu Ui Ui i hi Il i i Il Il ui ui uii uu ui i i li I I Ui i i Ii Il Ui. LL 
HOOUUUUUUUUUU 


UOUUUUO 


JUIUUDUUDODUUUUUUUUDUDUUDUDDUUUDUUUDUUDU newl 
UUUOUUY deleted JOUHOUÖOUOÖUUOUUUUOUODUOUOUOUUUOUOUOUOUOUOUOUUOHU 
JUUUUUUUUUUUUUDUUUUDUUUDUUUDUUUDUUUDUUUDUU 
JUIUUUUDUDUDUUDUUDDUDUU CAD UU UUUDUUunUuUuUununuuuu 
JUUUUUUUUDUUUDUUUDUUUDUUUDUUUUUUNUDUUUDUU 
UOUUOU 

UUIUUUUUUU'UUUDU'U CUOUUUUUL newl deleted VOUOUUU 
JUIUUUDUUDUUUUUUDUDDDUDUDUU nhuelll i UU I Uu UU I Uu i I Ui LU 
JUIUDUUDUDU mallocO[] freeoD | Ul UU UU UU I Uu Uun i DU Uu Uu UU 
00L 

OUOUUOÖUOUOO bugefPOUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
00 CHOUUUUUUUUUUUUUUUUU sewlllli iU UU â Uu UU Ii UI UI UU 
JIUUUUDUUDUUUUUUDUDUUDDUDUUUDUUUUDUuUuguuoDnuuunoD 
HUHUOUUUUUUUUUUUUUUUUUUUUOUOO 

JUIUUUUDUDDUUUUOUOUUUUUUUUUUUDUUDU new lU I UI. LU 
JUUUDUUUDUUUDUUUUDUUUDUDDUUUUDUDUUUUDUUDUDLU 
UHUUHUUUUUUUUUUUUUO 


15.2 UU 11:11 


UUUUUUUUUY tstackYOUUOUUUUUUUUUUUUUUUUUUUUOo 
JUUIUUUUUUDUUUDUUUDUUUDUUUDUUUUUUUDUUUDUU 
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OU 
UUHUUUUUUOUUUUUUUY COUHOOHUD cU Smalltalk O 0O c++0 000 
UU 


15.21 COD 





JUIUUUUUNUUCUUUDDUUDUUUUDUUUDUDUUUDDUUUDUDUUD 
U stackJOUUUUUUUUUUUUUUUUUUUUUUUUUUUO 


15.2.2 Smalltalk [] [] 


Smalltalk OO  U3 Uu Uu ui Uu Uu a3 UU i u UU UU Uu Uu UU i Uu Uu Ui. 
[Q object] I ODODO Smallefak I] Ii U3Uu Bu UU iU Uu HUD I Uu UU Ii Ui ui iiu 
JIUUUUUDUUDUDUUDDUUDDUDUUUUUUUUUUDUuUDUuDUUUunD 
JIUDUUUDUDUDUUDDUUDDUDUUUUUUUUUUUDUuUUuDUUuno 
00 ODD Smalltalk O O 0000D Smalltalk O Ui U I UI. 

UOUOOD smallalll Ill UU Uu Uu UU UU iu UU UU Uu 3 Uu uu Uu UUN 
UOLOUUÖHUHUOHUUUOLT SmaHltak] O O UU UU I.) objeci— — [JL] Smalltalk] 
JUIUUUUDUUDUWD 

JUUUUuUuuuununu Smalltak] OUOUUUUUUY objecti I UD UL 
JUUUUUDUUDUUDUUDUUUU 


he 
eee RE in 


0000000000 object 00000 {object ` 5 (shape ` 
ooggog*oooggo00"000000 ~~ | ki | KN 
OODOOOODOOODODOD OOPOOD = oi. 


00000“000"0000000000 ‘eontainer’? 
0000 i 0000000000000 | nono er 


000000 obje JO 0000 i 0000 — oj 
O O Smalltalk] (00000 C++0U U0 U 
0000 c+0000000000000 cr 


C++ O Smalltak] OHUUUUUUUUY 
JUIUUUUUUUUC—UUU UDDUOUUUUUUUUUUDUNUUUUUUUUUDDUD 
JUIUNUIUDUUUDUUUUUDUUUUuDuuwuu 

JUIUDUUL Smalltak] UI UU UU Uu Uu Uu Uu UU UU UU U UU Uu Uu i LU 
C-H-IOUHOOÖHOOOHOOUOOUOODOUDD objec) I I Uu iU iu HU I Uu HU I UI LU 
JUUDUOUUUUDUUDUDUDUUUUUUUDUUDUOUUDDDUUDDUDUUUL 
UUUOUU COUBUUUHUUUUUWUUUUUUUUUUUUUY object I I UL 
HUHUUUUUUUUUUUUO 

UO C++UU0UU0UU0UUUUUY SmaHtalk] “ OY object OUOU" UU UL 
ODI 

JUIUDUUOUUDUUUDDUDUUUUUDUDUODUDUUODUUDDUDUUULU 
JUUIUUUUUUDDUUUUUDDOUUUDUDUUUDDUD 


[1] OOPS[] [] Keith Gorenl] NHU I] Uun Uu 1 Uu ii i uu ui uni uu 
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oshapel] [] shape] WOW UU UU U UU object VHUUUUUUUUUUUUUO 
UOUOUUCHUOUUUGUUUUUUUY 
UOUUOUUUU CH+UOUUUUUUUUUO 
IUUUUUUUDUUUUUUUDUUU 


000000000000000000000 , | —. - 
00000000000“ C++0 0 Smalltak"0 /gontainer : oshape | 
; | O: 








0000“00000 ice 00000000 | (object ] 
0007/0000°000000000000 AN 0;----( object ) 
00000000000000000000 

00 ojee 0000000000000000 0 152 


JUlUUUUUUUUUUUDUUUUUDD 
JIUUDUOUUDUOUUDUUUDUUDUDUDUUUUUUUUDUUUDUUUD 
UUIUUUOUUUDUUUUUDUDUUUDDD 


15.2.3 DOUG 


JUIUUUNUIUUUDDDUUUUDUUDOUUUUUUDUDUUUUUDUUUUUU 
Stroustrup I LLU “UUDUDUUDDUDUUUUDUUUUDUUUDUUDUDUUD 
JUUUUUUDUUUUDUUDUUUDUUUDUDUUDUUDUUDUUUUDUUDU 
UOUÖLOULUHLUUUUUUUUUUUUUUUUUOUOUUOUOUOUU 

UUUUUUUUUUUUS SmalltkQOOUOUUUUUUUOUUUUUUUUUUUO 
UUUOUUUO 


HO OO U Stroustrup O O O O O O C++ shape O 
HOUUUUUUUUOUUUUUUUOUUOUO container o- 
HOUUUUUUUUUUUUUUUUOUO object o. 
OOO0UOOUOOUOUUOU0UU "UUUUUO 





JUUGCUOUÖUUUUOUUODUOUUUOUUU T 15-3 
JUUUUUDUUDUUUDDUUUDDUU 
JUIUDUUUUD ebiee] lll nlnuDunnuDuunuuUunDuunu”uunuu 
JUIUUUUUUUUUUUUUUUUDUUDUOUUDUUUUUUU 
JUIUDUUUUDUDUUDUDUDUUUUUDUUDUDUDUDUUDUUDUDUDUUUU 
JUIUUUUUUUUDUUDUDUDUUUUUULU 
JUIUUDUUUUDUDUUDUDUDUUUUUDUDUDUUDUUDUUDDUDUUUL 
JIUUIUDUUUUUUUc—UUUUUunuUunnunuUunusSuununuuunno 
JUIUUIUUUUUUUUUDUUUUUDUNUUDUUDUUUU 


19.3 UDUUDUL 


“UD U templaell” I Ul UI Uu UU Uu UU UU UUUUUUuUUuUUUuuUUuuuuU 
JUIUUUUUUDDUDUDUUUUOUUUUUUUUUuUuuDnnunu 


I] DUUDUDUUDUUUUUUUUUDUDUDDDDUDUU AT&T O 
[2] The C++Programming Language[] [] Bjarne Stroustrup[] O O LI U U Addision-Wesley, 1986[[] 


3] DU I i i UU IJ. ADA[] 
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10000000000U0U0UU0U0: 
//: STEMP.CPP -- Simple template example 


tinclude <iostream.h> 





Hinclude <assert.h> 


template<class T> 
class array { 
enum ( size = 100 ); 
T A[eize]'; | 
public: 3 | 
Tä operator[] (int index) { 
assert (index >= 0 && index < size); 
return A[index] ; | 
} 
li 
main() { 
array<int> ia; 
array<float> fa; 
for (int i = 0; i < 20; i++) ( 
iali] 
fa[i] 
) 
for(int j = 0; j < 20; jt*) 


float(i) * 1.414; 


cout << j <<": " << ia[j] 
<< ", " << fa[j] << endl; 


} 
UOUOU 


template<class T> 


HOUHUUUUUUUUUUUUUUU TUUUUUUUUUUUUUUUUUUUUUoo 
HOUUUUUUUUUUUUUUUUUUUOO 

HarrayJOUUUUUUUUUUUUUUUUUUUUS operatorJUOUUUUUUUU 
HOUUUUUUUUUUUUUUUUUUUUUUUUUU CLOUD assertOU O ODODO L 
HOU asserttOU UU alegeeQU UUUUUUUUUUUUUUUUUWUUUUUUUO 
HOUUUUUUUUUUUUUUUUUUUUUUY WuoUUUUUUUoO 

ll mainOl ll I UI Il UU Uu i Uu Ii I i iu Ii I il I Ui uu DU uu i i i I I LI 

array<int> ia; 

array<float> fa; 
InluUunuunuuuunnununuuunuunutuuunuununuunnnnunnmun 
[| array_int|] array floal] I I UI Il UI Ui hi UI I iiu i ln uu ii ui iU YI ui llu Di UI Ii i i i UI. LL 
HOUUUUU Uw fell i i Ii UI Ii Ii Uu Bu I iu U iu i Ui Ui i i BU i uu DI i UI iU LL 


19.3.1 QOUUUUU 
JUIDUIUNUUUUDDUUDUUUUDUUUUDUUUDDUUDUUUUUUDUUUUUuU 
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JUIUUUUUDUDUUDDUUNUUDNOUOUUUDUUUUUUUu 


//: STEMP2.CPP -- Non-inline template example 





tinclude <assert.h> 


template<class T> 

class array ( 
enum { size = 100 ); 
T A[size]; 

public: | 
Tä operator [] (int index); 


); 


template<class T> | | 
T& array<T>::operator[] (int index) { 
assert (index >= 0 && index < size); 


return A[index]; 


} 


main() { 
array<float> fa; 
fa[0] = 1.414; 


} 


JUIUUUUUDUUUUUDUUUUDDUDDUUUUUU aray<T>l|] 

JUUIUUIUUUDUDUDUUUDUDUUUDUNUUDUUDUUUU 

e000 

JUnIUUDUUUUUUUUUUUUUDUUDUUUUUUDUUUUunUUnuuunu 
UDUUUDUUUU UUUUUUUUUnDUDUUUU'UuUuuuUuUuUuUuunDUUuUuguuuN 
HOUUUUUUUUUU UU emplae<. >l] IUUDDUUUDUHHUDUUDUUNUDOL 
JUNnuguuunmuUDUUDDUDDUuunuuuuuuumuUDUDnuuuuunuuumuUnDnnuu 
JUNnuguuuumuUUUDDnuununuuuugmguUDDUnuunnunuuumuDUDnuu 

JUIUUIUOUUUDUUUUUDUUUUUUDDUUUUDUUUUUDUL Windows DLL 
JnIUUDnUDUuuUUuuucpuununnoDuguunuuuUuunnnuguuuuuuuwu 
JUIUUUUUDDUUUUUDUUUUUDUUUUDDD 


15.3.2 [] [O [D (the stack as a template) 


O O ISTACK.CCPP 01000000 «ui 5ADlOL Il Y I Uu Uu I Ii i i lU 3 UI Ii Ii Ii I. LU 
//: STACKT.H -- Simple stack template 

#ifndef STACKT H_ 

#define STACKT H_ 


template<class T> class stacktIter; // declare 


template<class T> 
class stackt { 
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enum ( ssize = 100 ); 
T stack[ssize]; 
int top; 
public: 
stackt () : top(0) { stack[top] 
void push(const T& i) { 
if (top < ssize) stack[top++] 
) 
T pop() ( 
return stack[top > 0 ? --top : top]; 


} 


friend class stacktIter<T>; 


); 


ll 
a 
e 


ll 
H- 


template<class T> 
class stacktIter { 
stackt<T>& S; 
int index; 
public: 
stacktIter(stackt<T>& is) 
: S(is), index(0) {} 

T& operator++() { // Prefix form 
if (index < S.top - 1) index++; 
return S.stack [index] ; 

} 

T& operator++(int) { // Postfix form 
int returnIndex = index; | 
if (index < S.top - 1) index++; 
return S.stack[returnIndex]l; 

) 

J; 


fendif // STACKT H_ 


UULUUUOUUUUUUUUUOUOUUUUUUUUUOULID stackt<T>& SO OUUU L 
IUUUUUUUUDUDDDDUDDUDUDDUUDUDUUUUUUUDDDDDOLD 

UULUUUOUUUUUUUOUUUUUOUUUUUUOUOUULUL pusnOD UU LI stackd] O 
UTUUUUUUUUUUO 

UOUUUUUUUUUUUUUUUO 

//: STACKT.CPP -- Test simple stack template 

#include <assert.h> 

#include <iostream.h> 

tinclude "..\14\stackt.h". 

// For interest, generate Fibonacci numbers: 

int fibonacci(int N) { 

const sz = 100; 
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assert (N < sz); 
static F[sz]; // Initialized to zero 
F[0] = F[1] = 1; 
// Scan for unfilled array elements: 
int i; 
for(i = 0; i < sz; i++) 
if(F[i] == 0) break; 
while(i <= N) { 
F[i] = F[i-1] + F[i-2]; 
i++; 
} 


return FIN]; 


main() { 
stackt<int> is; 
for(int i = 0; i < 20; i++) 
is.push(fibonacci(i)); 
// Traverse with an iterator: 
stacktIter<int> it(is); 
for(int j = 0; j < 20; j++) 
cout << it++ << endl; 
for(int k = 0; k < 20; k++) 
cout << is.pop() << endl; 
} 
HOUUUUUUU i tH UOUUUUUUUUUUUUUUUUUUUUUUoUoUo 


UOUUUUU 
15.3.3 NOOU 


JUIUUUDUOUOUUDDUDDUUUDUUUUDUUUUUUDUDDDUDUUUL 
JUIUUUUUDUUDUDUDUUNUODUUUDUUUUUuunuU 


//: MBLOCK.CPP -- Built-in types in templates 
tinclude <assert.h> 


#include <iostream.h> 


template<class T, int size = 100> 
class mblock { 
T array[size]; 
public: 
Tä operator[] (int index) { 
assert (index >= 0 && index < size); 


return array[index]; 
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class number ( 
float f; 
public: 
number (float F = 0.0£) : £(F) () 
number& operator= (const number& n) ( 
f = n.f; 
return *this; 


} 
operator float() const { return f; } 


friend ostream 
operator<<(ostream& os, const number& x) ( 
return os << x.f; 
} 
}; 


template<class T, int sz = 20> 
class holder { 
mblock<T, sz>* np; 
public: 
holder() : np(0) {} 
number& operator[](int i) { 
assert(i >= 0 & i< sz); 
if(!np) np = new mblock<T, SZ>; 
return np->operator[] (i); 
} 
}; 


main() { 
holder<number, 20> H; 
for(int i = 0; i < 20; i++) 
H[i] = i; | 
for(int j = 0; j < 20; j++) 
cout << H[j] << endl; 
} 
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15.4 stash & stack[] [] 
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15.4.2 stash[] [] 
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//: TSTASH.H -- PSTASH using templates 
#ifndef TSTASH H 

#define TSTASH H 

#include <stdlib.h> 

#include "..\allege.h" 

// More convenient than nesting in tstash: 
enum owns { no = 0, yes = 1, Default }; 

// Declaration required: 

template<class Type, int sz> class tstashIter; 


template<class Type, int chunksize = 20> 
class tstash { 

int quantity; 

int next; 

owns own; // Flag | 

void inflate(int increase = chunksize); 
protected: 

Type** storage; 
public: | 

tstash (owns owns = yes); 

-tstash(); _ 

int Owns() const { return own; } 
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void Owns (owns newOwns) { own = newOwns; } 
int add(Type* element) ; 

int remove (int index, owns d = Default); 
Type* operator[] (int index); 

int count() const ( return next; ) 


friend class tstashIter<Type, chunksize>; 


); 


template<class Type, int sz = 20> 
class tstashIter { 
tstash<Type, sz>& ts; 
int index; 
public: 
tstashIter(tstash<Type, sz>& TS) 
ts(TS), index(0) {} 
tstashIter (const tstashIter& rv) 
ts(rv.ts), index(rv.index) () 
// Jump interator forward or backward: 
void forward(int amount) { 
index += amount; 
if (index >= ts.next) index = ts.next -1; 
} 
void backward(int amount) { 
index -= amount; | 
if(index < 0) index = 0; 
) 
// Return value of ++ and -- to be 
// used inside conditionals: 
int operator++() ( 
if (++index >= ts.next) return 0; 
return 1; | 
A 
int operator++(int) ( return operator++(); ) 
int operator--() { 
if (--index < 0) return 0; 


return 1; 


int operator--(int) { return operator--(); } 
operator int() { 


return index >= 0 && index < ts.next; 
Type* operator->() { 

Type* t = ts.storage [index] ; 

if(t) return t; 


allege (0,"tstashIter: :operator->return 0"); 
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return 0; // To allow inlining 





} 


// Remove the current element: 
int remove(owns d = Default) { 
return ts.remove(index, d); 


} 
); 


template<class Type, int sz> 
tstash<Type, sz>::tstash(owns Owns) : own(Owns) ( 
guantity = 0; 
storage = 0; 
next = 0; 


// Destruction of contained objects: 
template<class Type, int sz> 
tstash<Type, sz>::~tstash() { 

if (!storage) return; 

if (own == yes) 

for(int i = 9; i < count(); i++) 
delete storage [i]; | 
free (storage) ; | 


template<class Type, int sz> 
int tstash<Type, sz>::add(Type* element) { 
if(next >= quantity) 
inflate () ; 


storage [next++] = element; 


return(next - 1); // Index number 


template<class Type, int sz> 
int tstash<Type, sz>::remove(int index,owns d){ 


if (index >= next || index < 0) 
return 0; 
switch(d) { 
case Default: 
if(own != yes) break; 


case yes: 
delete storage [index] ; 
case no: 


storage [index] = 0; // Position is empty 


} 


return 1; 
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) 


template<class Type, int sz> inline 

Type* tstash<Type, sz>::operator[] (int index) ( 
// No check in shipping application: 
assert(index >= 0 88 index < next); 


return storage [index] ; 


) 


template<class Type, int sz> 
void tstash<Type, sz>::inflate(int increase) ( 
void* v = 
realloc (storage, 
(quantity+increase) *sizeof (Type*)) ; 
allegemem(v); // Was it successful? 
storage = (Type**)v; 
guantity += increase; 


) 


tendif // TSTASH H_ 


OOOO enumownsf] UVUQUUUUUUUUUUUUUUUUUUUUUUUUUUO 
UUUUUUUUUUUUUUUUUUUUUUUUUO 
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UOULUÖUUOUUUUUOUUOUUUUU 200 Stringi I UL LU 

//: TSTEST.CPP -- Test TSTASH 

#include <fstream.h> 

tinclude "..\allege.h" 

#include "..\14\tstash.h" 

tinclude "..\11\strings.h" 

const bufsize = 80; 

ofstream out ("tstest.out"); 
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class Int { 
int i; 
public: 
Int(int I = 0) : i(I) ( 
out << ">" << i << endl; 
} 
~Int() (out << "~=" << i << endl; } 
operator int() const { return i; } 
friend ostream& 
operator<<(ostream& os, const Int& x) { 
return os << x.i; 
} 
); 


main() { 

tstash<Int> intStash; // Instantiate for int 

for(int i = 0; i < 30; i++) 
intStash.add (new Int(i)); 

tstashIter<Int> Intit(intStash) ; 

Intit.forward(5); 

for(int j = 0; j < 20; j++, Intit++) 
Intit.remove(); // Default removal 

for(int k = 0; k < intStash.count(); k++) 
if (intStash[k]) // Remove() causes "holes" 

out << *intStash[k] << endl; 


ifstream file("tstest.cpp"); 

allegefile(file); 

char buf[bufsize]; 

// Instantiate for String: 
tstash<String> stringStash; 
while(file.getline(buf, bufsize)) 

stringStash.add(makeString(buf)); 
for(int u = 0; u < stringStash.count(); u++) 

if(stringStash[u]) 
out << *stringStash[u] << endl; 
tstashIter<String> it(stringStash); 
int j = 25; 
it.forward(j); 
while(it) ( 
out << j++ << ": " << it->str() << endl; 
it++; l 


o000000000000000000000000000000000000010 
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15.4.3 stack[] [] 
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//: TSTACK.H -- Stack using templates 
#ifndef TSTACK H_ 
*define TSTACK H_ 


// Declaration reguired: 
template<class T> class tstackIterator; 


template<class T> 
class tstack ( 
struct link ( 
T* data; 
link* next; 
link(T* Data, link* Next) ( 
data = Data; 
next - Next; 
) 
} * head; 
int owns; 
public: 
tstack (int Owns = 1) : head(0), owns(Owns) () 
-tstack(); l 
void push (T* Data) { 
head = new link(Data,head) ; 
| 
T* peek() const ( return head->data; ) 
T* pop(); 
int Owns() const { return owns; } 
void Owns(int newownership) { 
owns = newownership; 


} 


friend class tstackIterator<T>; 


E 


template<class T> 

T* tstack<T>::pop() ( 
if (head == 0) return 0; 
T* result = head->data; 
link* oldHead = head; 
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head = head->next; 
delete oldHead; 


return result; 





template<class T> 
tstack<T>::-tstack() ( 
link* cursor = head; 
while(head) ( 
cursor - cursor->next; 
// Conditional cleanup of data: 
if(owns) delete head->data; 
delete head; 


head = cursor; 


template<class T> 
class tstackIterator { 
tstack<T>::link* p; 
public: 
tstackIterator(const tstack<T>& tl) 
: p(tl.head) () | 
tstackIterator(const tstackIterator& tl) 
: p(tl.p) () 
// operator++ returns boolean indicating end: 
int operator++() | 
if (p->next) 
p = p->next; 
else p = 0; // Indicates end of list 
return int (p); 
} 
int operator++(int) { return operator++(); } 
// Smart pointer: 
T* operator->() const { 
if(!p) return 0; 
return p->data; 
} 
T* current() const { 
if(!p) return 0; 
return p->data; 
5 
// int conversion for conditional test: 
operator int() const { return p ? 1: 0; ) 
io 


tendif // TSTACK H_ 
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//: TSTKTST.CPP -- Use template list & iterator 
#include "..\14\tstack.h". 

#include ". ALlAstrings.h" 

#include <fstream.h> 

#include "..\allege.h" 





main() { 

ifstream file("tstktst.cpp"); 
allegefile(file); 
const bufsize = 100; 
char buf[bufsize]; 
tstack<String> textlines; 
// Read file and store lines in the list: 
while(file.getline(buf,bufsize)) 

textlines.push(String::make(buf)); 
int i = 0; 
// Use iterator to print lines from the list: 
tstackIterator<String> it(textlines) ; 
tstackIterator<String>* it2 = 0; 
while(it) { 

cout << *it.current() << endl; 

it ++; 

if (++i == 10) // Remember 10th line 

it2 = new tstackIterator<String> (it); 

} 
cout << *(it2->current()) << endl; 
delete it2; 


} 
tstackl] WOUUUU Sting UU UU UU Uu UU UU I UU UF u Uu UU I u'i i ui UU 
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//: SSTRING.H -- Stack-based string 

#ifndef SSTRING H_ 

#define SSTRING H_ 

#include <string.h> 





#include <iostream.h> 


template<int bsz = 0> 
class SString { 
char buf [bsz + 1]; 
char* s; 
public: 
SString (const char* S = "") : s(buf) ( 
if(!bsz) ( // Make on heap | 
s = new char[strlen(S) + 1]; 
strcpy(s, S); 
) else ( // Make on stack 
buf[bsz] - 0; // Ensure 0 termination 
strncpy(s, S, bsz); 
) a 
) 
SString (const SString& rv) : s(buf) ( 
if(!bsz) ( // Make on heap 
s = new char[strlen(rv.s) 1]; 
strcpy(s, rv.s); 
) else { // Make on stack 
buf[bsz] = 0; 
strncpy (s, rv.s, bsz); 
} 
) 
SString& operator-(const SString& rv) ( 
// Check for self-assignment: 
if(&rv == this) return *this; 
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if(!bsz) { // Manage heap: 
delete s; 
s = new char[strlen(rv.s) + 1]; 
} 
// Constructor guarantees length < bsz: 
strcpy(s, rv.s); | 
return *this; 
) 
-SString() ( 
if(!bsz) delete []s; 
) | 
int operator--(const SString& rv) const ( 
return !stricmp (5, rv.s); 
) 
int operator!-(const SString& rv) const { 
return stricmp(s, rv.s); 
} 
int operator>(const SString& rv) const { 
return stricmp(s, rv.s) > 0; 
} 
int operator<(const SString& rv) const { 
return stricmp(s, rv.s) < 0; 
} 
char* str() const { return s; } 
friend ostream& 
operator<<(ostream& os, 
const SString<bsz>& S) ( 
return os << S.S; 


) 
); 


typedef SString<> Hstring; // Heap string 
#endif // SSTRING H_ 


O ODOL typedefHstring | I I I Uu Uu 8BU Uu Uu Uu I i I UU. tpedefl] UU 
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//: INTEGER.H -- Int wrapped in a class 
#ifndef INTEGER H_ | 
tdefine INTEGER H_ 
#include <iostream.h> 





class integer { 
int i; 
public: 
// Guaranteed zeroing: 
integer(int ii = 0) : i(ii) () 
operator int() const { return i; } 
const integer& operator++() { 
i++; 
return *this; 
} 
const integer operator++(int) ( 
integer returnval (i) ; 
i++; 
return returnval; 
) 
integer& operator+= (const integer& x) { 
i += X.1; 
return *this; 
} 
friend ostream& 
operator<<(ostream& os, const integer& x) { 
return os << x.i; 
} 
ja 


#endif // INTEGER H_ 
lHIUUIUDIUUUDDUUDUIUDIUUDUDLUUDUUUUDUUUUD 1000000 
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//: VECTOR.H -- "Infinite" vector 
#ifndef VECTOR H_ 

#define VECTOR H_ 

#include <stdlib.h> 

#include "..\allege.h" 





template<class T> 
class vector { 
T** pos; 
int pos_82Z; 
T** neg; 
int neg sz; 
int owns; 
enum { 
chunk = 20, // Min allocation increase 
esz = sizeof(T*), // Element size 
); 
void expand(T**& array,int& size,int index); 
public: | 
vector (int Owns = 1); 
Vector () ; AA 
T*& operator [] (int index); 
int Owns() const ( return owns; ) 
void Owns (int newOwns) ( owns = newOwns; } 
); 
template<class T> 
vector<T>::vector(int Owns) 
: pos(0), pos sz(0), 
neg(0), neg sz(0), 
owns(Owns) () 


template<class T> 
vector<T>::-vector() { 
if (owns) 
for(int i = 0; i < DOS SZ; i++) 
delete pos[i]; 
free(pos); 
if (owns) 
for(int j = 0; j < neg SZ; j++) 
delete neg[j]; | 


free (neg) ; 


' template<class T> 


T*& vector<T>::operator[] (int index) { 
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if (index < 0) { 
index *= -1; 





if (index >= neg 5z) 
expand (neg, neg 5z, index); 
return neg [index]; 
} 
else { // Index >= 0 
if (index >= pos sz) 
expand (pos, pos sz, index); 
return pos [index] ; 
} 
) 


template<class T> void 
vector<T>::expand(T**& array, int& size, 
int index) ( 
const newsize = index + chunk; 
const increment = newsize - size; 
void* v = realloc(array, newsize * esz); 
allegemem(v); 
array = (T**)v; 
memset (karrav [size], 0, increment * esz); 
size = index + chunk; 


} 


#endif // VECTOR_H_ 
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//: VECTOR.CPP -- Test "infinite" vector 
#include <fstream.h> 

#include "..\allege.h" 

#include "..\14\vector.h" 

#include "..\14\sstring.h" 

typedef SString<40> String; 


main() { 
ifstream source ("vector.cpp") ; 


allegefile (source) ; 
const bsz = 255; 


318 C++0 000 Chinaspub.com 
— o_ #10 





char buf [bsz] ; 
vector<String> words; 
int i = O; 
while (source.getline (buf, bsz)) { 
char* s = strtok(buf, " Nt"); 
while(s) ( 
words [i++] = new String(s); 
s = strtok(0, " Nt"); 
) 
words [i++] = new String("\n") ; 
| 
for(int j = 0; words[j]; j++) 
cout << *words [3] << ' 1; 


} 
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//: SET.H -- Each entry in a set is unigue 

#ifndef SETH 

#define SETH 

#include "..\14\vector.h" 


#include <assert.h> 


template<class Type> 
class set { 
vector<Type> elem; 
int max; 
int lastindex; // Efficiency tool 
int within(const Type& e) { 
// Requires Type::operator== : 
for(lastindex = 0; lastindex < max; 
lastindex++) 
if (elem[lastindex] - >operator== (e) ) 
return lastindex; 
return -1; 
} 


// Prevent assignment & copy-construction: 
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void operator= (sett) ; 
set (sett); 
public: 

set() : max(0), lastindex(0) {} 

void add(const Type&) ; 

int contains (const Type&) ; 

// Where is it in the set?: 

int index(const Type& e); 

Type& operator[] (int index) { 
// No check for shipping application: 
assert (index >= 0 && index < max); 
return *elem [index] ; 


) 


int length() const { return max; } 


); 


template<class Type> void 
set<Type>::add(const Type& e) { 
if(!contains(e)) ( 
elem[max] - new Type(e);//Copy-constructor 
max++ ; 
) 
) 


template<class Type> int 
set<Type>::contains (const Typeš e) { 
return within(e) != -1; 


} 


template<class Type> int = 
set<Type>::index(const Type& e) { 
// Prevent a new search if possible: 
if (elem[lastindex] ->operator!=(e)) { 
int ind = within(e); 
assert (ind != -1); // Must know it's inside 


) 


return lastindex; 


—” // SETH 

addOl lll UU UU UU iu uu ui ui I I ui I i i i U i i i. I. containsOll I I I UI UI. 
UHOUUUUUUUU haexo] UUOUUUOUOUUUUUUOUUUULD operatorii I LI LI Ll 
lengthOW I I I UI uu uu IU i i I. 

UOUULUUUUUUUUUUUUUUUUUUUUUUUOUUUUOUUUUUUUUNIU 
OUUU indexOU OULU contansOoUUUOUUUUUUUUUUUUUUUUUUUO 
O within Ol] I UI I UI I. 
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//: SETTEST.CPP -- Test the "set" class 





// Creates a concordance of text words 

#include <fstream.h> 

#include "..\14\set.h" 

tinclude "..\14\sstring.h" 

#include "..\allege.h" 

const char* delimiters = 
" At; OM <>:() [)+-=8*#.,/\\" 
"0123456789"; 


typedef SString<40> String; 


main(int argc, char* argv[]) { 
allege(arge == 2, "need file argument") ; 
ifstream in(argv[1]); 
allegefile (in); 
ofstream out ("settest.out") ; 
set<String> concordance; 
const 82 = 255; 
char buf [sz]; 
while(in.getline(buf, sz)) { 
// Capture individual words: 
char* s = strtok(buf, delimiters) ; 
while(s) { 
// Contains 1 entry per unique word: 
concordance.add(s); // Auto type conv. 
s = strtok(0, delimiters); | 
} 
) 


for(int i = 0; i < concordance.length(); i++) ( 


out << concordance[i] << endl; 


} 
} 


UHUUOUOUUOUUY srekol JHÖUUHUUÖUUUÖUUOUUOUUUOUOUUOUOUUODOUUU 

JUDDDedOl OHUUOUÖHUOÖUUUUOUUOUOUOUD char) i I Uu UU U UU 
Sstring<40>l] I UI UU Uu Uu Uu UU UU I Uu I UU. car“ i UU UU â U UU I I. UU 
JUIUDUDUUUUDUUUU addOD UU add O IU UI UU Uu Uu DU I Uu UI UL 
UUUUU addOQU Ui iil UU I Ui Ui iUlUuUUDUuunuuUuDuunuuuno 
UOLÖUUHUOUUOUUOUHUL new] HLOÖHOUUÖUOUOUUOOUOU 


15.6.3 (OHU 
JUIUUIUUUUUUDUODUUUUUDUUUUUUUDDUUUUUUUUDUuUUuuuu 
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HOHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo$ 
HOUUUUUUUUUUOUUUUUUUUUUUUUUUUUUUUUUUUUUUoo 
UOUUUUUUUUUUO operator=POUUUUUUUUUUUUUUUUUUUUUUUO 
EDD Dn operatoro I I I Ii Fi I I I 9i Fi i i BU i Ii i Il Ii uii ui ui i i i Ii Ui I. LU 
HOUGUOUO UO OU in value)[] out valueOl] ll I I I I I Fi Y i I I i Yi Fi Ui i. LU 

//: ASSOC.H -- Associative array 

#ifndef ASSOC H_ | 

#define ASSOC H_ 

#include "..\14\set.h" 

#include <assert.h> 





template<class In, class Out> 
class assoc array { 


set<In> inVal; 
vector<Out> outVal; 


int max; 
// Prevent assignment & copy-construction: 
void operator-(assoc array&); 
assoc array(assoc array&); 
public: 
assoc array() : max(0) () 
Out& operator[] (const In&); 
int length() const ( return max; ) 
Ink in value(int i) { | 
// No check for shipping application: 
assert(i >= 0 && i < max) ; 
return inValli]; 
| 
Out& out value(int i) { 
assert (i >= O && i < max); 
return *outVal [i]; 
} 
ji 


template<class In, class Out> Out& 
assoc array<In,Out>::operator[] (const In& in) { 
if (linVal.contains(in)) { © 
inVal.add(in); // Copy-constructor 
outVal [max] = new Out; // Default constr. 
max++; | 
} 
int x = inVal.index(in) ; 


return *outVal[inVal.index(in)]; 
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) 

Bendif // ASSOC H_ 

000000000000000000000000000000000000000 
UUHUOUOUUUUUUUOUUOUUOUUOU OLD builtmPOUUUUUUUUUUUUUU 
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//: ASSOC.CPP -- Test of associative array 


#include "..\14\assoc.h" 
#include "..\14\sstring.h" 
#include "..\14\integer.h" 


#include "..\allege.h" 
#include <fstream.h> 
#include <ctype.h> 


main() { 
const char* delimiters = 
" AM; ON'"'<>: (PO r-z&*4.., ANN; 
assoc array<SString<80>, integer> strcount; 
ifstream source("assoc.cpp"); | 
allegefile(source); 
ofstream out ("assoc.out"); 
allegefile(out); 
const bsz - 255; 
char buf[bsz]; 
while(source.getline(buf, bsz)) ( 
char* s - strtok(buf, delimiters); 
while(s) | | 
strcount[s]++; // Count word 
s = strtok(0, delimiters); 


) 
) 


for(int i = 0; i < strcount.length(); i++) ( 
out << strcount.in value(i) << " : " 
<< strcount.out value(i) << endl; 


// The "shopping list" problem: 
assoc_array<SString<>, integer> shoplist; 
ifstream list ("shoplist.txt") ; 
allegefile (list) ; 
ofstream olist ("shoplist.out") ; 
allegefile(olist) ; 
while(list.getline(buf, bsz)) { 

int i = strlen(buf) - 1; // Last char 
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while (isspace (buf [i})) 
i--; // Find nonzero char at end 
while (!isspace (buf [i] )) 
i--; // Back up to space or tab 
int count = atoi(&buf[i+1]); // Use value 
while (isspace (buf [i] ) ) 
i--; // Back up to non-whitespace 
buf [i+1] = 0; // Mark end of description 
i = 0; 
while (isspace (buf [11)) 
i++; // Find start of first word 
shoplist [&buf[i]] += count; 
} | 
for(int j = 0; j < shoplist.length(); 3++) | 
olist << shoplist.in value(j) << " : " 
<< shoplist.out_value(j) << endl; 


} 


| 


JUIUUUUUDUUOL 


strcount[s]++;//count word 


UU sO char*[] O O O O operator] O UU U SString<s0>l I Il i UI uu BU iu Ii Ii i I.D 
UUUUUUUU YE SString<80>(char*)[] operator] l UL I uu LU Uu UU IIu Uu Ui Uu ui UJ 
HOUUUUUUU 

operator[][] O O O integer&|[] assoc array] WU UU I UI UU Uu uu li i PI I i i I I i 
IUUuuuuuuuuuuuuuuuuuuuuuunuunuuuuuuunuuu 'u 
O0” UUUuUUuuuuuuuuuuuunuuuunuuuunuuuuuuuunouu 
INnluluunununumunnuuunununnuunnn CULU isspaceOLl UUUUL 
HOUUUUUUUUUUUUUUUUUUUUO 

shoplist[&buf[i]] +=count; 

000000 char*Q 000000000 sstingQ 000000000000000 L0 
HHUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUooo 
HOUUUUUUUUUU 
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UOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
UOUULUUUUUUUUUUUUUUUUUUUOUUOUOUUUOUUUUUUUUUD cstash 
UuuuuuuuuuuuuuuuuUuuUuuUUuUuuuuuunnnnnnnnnnnnnnno 
IUUUUDDDDUOUDL 

//: SORTED.H -- Template inheritance 

Bifndef SORTED H_ 

define SORTED H 

tinclude <stdlib.h> 
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#include <string.h> 

#include <time.h> 

#include "..\14\tstash.h" 

#include "..\14\set.h" 

template<class T> 

class sorted : public tstash<T> { 
void bubblesort () ; 

public: 


int add(T* element) { 
tstash<T>::add (element) ; 
bubblesort () ; 
return 0; // Sort moves the element 


) 
); 
template<class T> 
void sorted<T>::bubblesort() ( 
for(int i = count(); i > 0; i--) 
for(int j = 1; j < i; j++) 
if (*storage[j-1] > *storage[j]) { 
// Swap the two elements: 
T* t = storagelj-1]; 
storage [j-1] = storagelj]; 
storage [j] = t; 


// Quick & dirty sorted set: 

template<class T> l 

class sortedSet : public set<T> { 
sorted<T> Sorted; 

public: 

void add(T& e) { 
if (contains(e)) return; 
set<T>::add(e); 
Sorted.add(new T(e)); 

) 

T& operator[] (int index) ( 
assert (index >= 0 && index < length ()); 
assert (Sorted [index] ) ; 
return *Sorted [index] ; 

} 

int length() { 
return Sorted.count () ; 
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// Unique random number generator: 
template<int upper_bound> 
class urand { 
int map [upper bound]; 
int recycle; 
public: 
urand (int Recycle = 0); 
int operator () () ; 


); 


template<int upper bound> 

urand<upper bound>: :urand (int Recycle = 0) 
|: recycle(Recycle) ( 
memset (map, 0, upper bound * sizeof(int)); 
// Seed the random number generator: 
time t t; 
srand((unsigned)time(&t)); 


) 


template<int upper bound> 
int urand<upper bound>::operator() () { 
if (!memchr (map, 0, upper bound)) { 
if (recycle) 
memset (map, 0, | | 
sizeof (map) * sizeof(int)); 
else 
return -1; // No more spaces left 
) 
int newval; 
while (map [newval = rand() % upper bound]) 
; // Until uniqye value is found 
map [newval] ++; // Bet flag . 
return newval; 


) 


#endif // SORTED H_ 


JUIUUOUUUDUDUUUUDDUNUUDUUDDDUOUU operatorOU LI U LI UU UL 
UUUOU wandJOUUUUUUUUUUUUUUUUUUUUU map iU UU U I DU U I LU 
JUIUUUUUDUDUUUDULIUUUUDUUUUUDUUUUDUUDUUUDUUUDUuU 
JIUUUUDUDUDUDUUDUDUUDUDUDUDUDUUUUUUUUUuguuuuno 
JUIUUUUDUUDUDUUUUDUDUUDUDUDUDUDUUUUUUUUUuguuuuno 
UUUOUUUGUUU mapt JOUHOUHLUUUOUUUUUÖUUODUODOU mapt OUUU 
JUIUUUUDUDDUUDUDUDUD 

UU sorred] I Dl UU Uu HU UU Uu Ul Uu UU IU Uu Uu UU iJ >u iU NU 
sstrinel] I UI Uu "1 U Uu i Uu i UL]. inmtegerl] JOUUHOUOOUOOD it O FU I i UD > 
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sorted] WHUHUUUUUUUUUUUUUUY tstashoOUUOUUUUUUUUUUUUUY 
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JUIUDUUDUDUDUUDUHUOUUDIUUU sen] IIu Ul Ul Uu3 iu Uu Uu Uu3uUuUUUuUuno 
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JUIUUUUUDUUDUUDUNUUOUUUUUUU 

UUUUUH sortedsel] JUHOUHUHUOHUUUUUUUÖUUÖUUHULE sortedSetl] 
sell JOHUUÖHOUHUOUÖUOUHUODUDD setHUUUUUUUUUUUUUY sorted OU 
JIUUUUDUDUUDUUOUDUUUDUUDDUDUUUUDUUUUUDUUunuuuuuuunoD 
JnUUnUuc—uUuUDuUDUunUunuUuuUuuDnununuDnnu SORTED.AOOUU 





//: SORTED.CPP -- Testing template inheritance 
tinclude "..\14\sorted.h" | 

#include "..\14\sstring.h" 

#include "..\14\integer.h" 


typedef SString<40> String; 


char* words[] = { | 
"is", "ruming", "big", "dog", "aT, 
o 


const wordsz - sizeof words / sizeof *words; 


main () { 

sorted<String> ss; 

for(int i = 0; i < wordsz; i++) 
ss.add(new String(words[i])); 

for(int j = 0; j < ss.count (); j++) 
cout << ss[j]->str() << endl; | 

sorted<integer> is; | 

urand<47> randi; 

for(int k = 0; k < 15; k++) 
is.add (new integer(rand1())); 

for(int 1 = 0; 1 < is.count(); l++) © 
cout << *is[l] << endl; 


) 
UOULÖHUHUUUUHUUUUD SSting [] interger[] [] 
15.7.1 DOUOG 


U sorted JUHU UU add O UU UUUUUUUUUUUUUUUUUUUUUUUo 
JUUUDUUDUUUDDUDUUUUUDUDUUUDDUUDUUUDUDUUUUUDUUDU 
JUIUUUONUIUUUDDOUOUUUUDDDUUUUDUOUDUUUU 
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15.7.2 [TT DT] 


JUUUUUUDUUDDUDUUDUUDUUUDUUDUUDUDDDUUUUUUUWD 
JIUDUUDUDUDUUDUUDUDUDUUDUDUUUUUUUUUDUuuUUuuuoDuouunob 
000 130 0 INHSTAK.CPP(4] 13 5.2)» LUHOUHUDD sel] DI UU Uu DU Il Ui il i'u 


HOOUUUUUUUUUU 
//: NOBLOAT.H -- Templatized INHSTAK.CPP 
#ifndef NOBLOAT H_ 
#define NOBLOAT H_ 
tinclude "..\11\stacki1.h" 


template<class T> 
class nbstack : public stack { 
public: | 
void push(T* str) ( 
stack: :push (str); 
) 
T* peek() const { 
return (T*)stack::peek(); 
) 
T* pop() ( 
return (T*)stack::pop () ; 
} 


~nbstack(); 


bi 


// Defaults to heap objects & ownership: 
template<class T> 
nbstack<T>::-nbstack() { 
T* top = pop(); 
while(top) { 
delete top; 
top = pop(); 
} 


#endif // NOBLOAT H_ 
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IUUDnDUuUuuuuuuunnuuuunuuunnuuuununuuunnunmumn 18000 
'UUDUIUHUDGTTDO'UDUUUDUUDDUUD 

//: RECYCLE.CPP -- Containers & polymorphism 

tinclude <fstream.h> 

finclude <stdlib.h> 

tinclude <time.h> 

tinclude ", NidVtstack.h" 

ofstream out ("recycle.out") ; 





enum type { Aluminum, Paper, Glass }; 


class trash { 
float Weight; 

public: 
trash(float Wt) : Weight(wt) {} 
virtual type trashType() const = 0; 
virtual const char* name() const 


O; 
virtual float value() const = 0; 

float weight() const ( return Weight; ) 
virtual -trash() () 


y; 


class aluminum : public trash { 
static float val; | 
public: 
aluminum (float Wt) : trash(Wt) {} 
type trashType() const { return Aluminum; } 
virtual const char* name() const { 
return "aluminum"; 
} 
float value() const { return val; } 
static void value(int newval) { 


val = newval; 
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) 





); 
float aluminum::val = 1.67; 


class paper : public trash ( 
static float val; 
public: 
paper (float Wt) : trash(Wt) () 
type trashType() const ( return Paper; ) 
virtual const char* name() const { 
return "paper"; 
) 
float value() const { return val; } | 
static void value(int newval) { 
val = newval; 
} 
}; 


float paper::val = 0.10; 


class glass : public trash { 
static float val; 
public: 
glass(float Wt) : trash(Wt) {} 
type trashType() const { return Glass; } 
virtual const char* name() const { 
return "glass"; l 
} 
float value() const { return val; } 
static void value(int newval) ( 
val = newval; 
} 
}; 


float glass::val = 0.23; 


// Sums up the value of the trash in a bin: 
void SumValue (const tstack<trash>& bin, ostream& os) { 
tstackIterator<trash> tally(bin); 
float val = 0; 
while(tally) { 
val += tally->weight() * tally->value(); 
os << "weight of " << tally->name() 
<< "= " << tally->weight() << endl; 
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tally++; 
} 
os << "Total value = ". << val << endl; 
} 
main() { 
// Seed the random number generator 
time t t; 


srand ((unsigned) time (&t) ) ; 


tstack<trash> bin; // Default to ownership 
// Fill up the trash bin: 
for(int i = 0; i < 30; i++) 
switch (rand () % 3) { 
case 0 
bin.push (new aluminum (rand () % 100)); 
break; 
case 1 
bin.push (new paper (rand() % 100)); 
break; | 
case 2 
bin.push (new glass (rand() $ 100)); 
break; | 
} 
// Bins to sort into: 
tstack<trash> glassbin(0); // No ownership 
tstack<trash> paperbin (0) ; 
tstack<trash> ALbin (0) ; 
tstackIterator<trash> sorter (bin); 
// Sort the trash: 
// (RTTI offers a nicer solution) 
while (sorter) ( 
// Smart pointer call: 
switch (sorter->trashType ()) { 
case Aluminum: 
ALbin.push(sorter.current()); 
break; 
case Paper: 
paperbin.push(sorter.current()); 
break; 
case Glass: 
glassbin.push(sorter.current()); 
break; 


) 


sorter++; 
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) 


SumValue(ALbin, out); 


SumValue (paperbin, out); 


SumValue(glassbin, out); 
SumValue(bin, out); 


) 


JOHOUHOUHUOHUUHUOUUOUUOUOUOUUOUUOUUOUOUHUUOOUOHUOUHE tac 
U trahJOUUUUUUUO vah] JOUÖHOUUOUUÖUUUUODUOOL tstackYOUUUU 
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JUUIUUUUUDUUUUUUUUDDUDUUU STEDDUUUDUUDUUUDUUD 
JUIUUIUUUUDUNUUUUDUUUUUDDUUUUUDUUUUDUUDUUDDD 
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JUUIUDUDUDUDUUUUUUUDUUUUDUUUUUUDUUDDULN c++0 00L 
HUUHOHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUid 
UOUUUO 

HUUHHUHUUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUd 
JUIUUUOUNUIUUUUDDUUUDUUUUUUUUUDUUDUUOUUUUDnuUu "UUL 
JUIUDUOUUUUUDUUDUDUDUUUUUUUDUDUODUUDUUDUDDUDUUUU 
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UOULUÖUUUUUUUUUUUOUUUUUUUUUUUUUUUUUUU UUT realloc0))[] 
UU getmemO [II I I UI Uu U3U ni U UU i Ui iu u Uu i Ii Ui uni i uiuuuunnunnwuno 
OO geememOll ll i UU I Ui iu uu I uu DU I Ui i Uu IIu Ui Uu Uu ui i u I uu I ìi 
UUUlnuuUuuuunn 

//: GETMEM.H -- Function template for memory 

#ifndef GETMEM H_ 

#define GETMEM H_ 

#include <stdlib.h> 

#include <string.h> 

#include "..\allege.h" 


template<class T> 
void getmem(T*& oldmem, int elems) { 
typedef int cntr; // Type of element counter 
const int csz = sizeof(cntr); // And size 
const int Tsz = sizeof (T); 
if(elems == 0) { 
free(&(((cntr*)oldmem)[-1])); 
return; 
} 
T* p = oldmem; 
centr oldcount = 0; 
if(p) { // Previously allocated memory 
((cntr*)p)--; // Back up by one centr 
oldcount = *(cntr*)p; // Previous # elems 


} 


T* m = (T*)realloc(p, elems * Tsz + csz); 


a 


allegemem (m) ; NE 
*((cntr*)m) = elems; // Keep track of count 
const cntr increment - elems - oldcount; 
if(increment > 0) { | 

// Starting address of data: | 

long startadr = (long)&(m[oldcount]); 

startadr += CSZ; 

// Zero the additional new memory: 

memset ( (void*)startadr, 0, increment * Tsz); 
) 
// Return the address beyond the count: 
oldmem = (T*)&(((cntr*)m)[1]); 


template<class T> 


inline void freemem(T * m) { getmem(m, 0); } 


#endif // GETMEM H_ 
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JUIUUUUUDUUDUDUDDUUUUUUUUDUUUUDUDUDUUUUUUuUunu 
UUUHUUUUUUUUUUUUY typedefentr ] I lu Uu Uu iu iu ni Uu i I i iL 
JUUDDUUUUUDUUDUUUDDUDUUUUDUDUUDUUUDUUUUUUUD 
UUUOUU 

UUOUUUUUUO oldmemJY JOUÖUOUHUOUÖUUOUÖUUOUOUUOUUOUUUOUODUHU 
UU oldmemJ ] I Uu BU I iu u UU I Ui Il LI. getmemOUOOUUUUUUUUUUO 
JUIUDUUUDUUDUUUUUDUUDDUDUUUUDUUUUUUDUnuUuuuuunoD 
UOUUUUUU getmemOU UUUUUU 

JUIUUIUOUUUUDUUUUUDDUUUUUDUOUDUUUD freemem]| [II O OOL 
UOUUUU 

HHUUUUUU geememOlIl ll IIu DU UN ul Uu UUu 1 Uu Uu UU I I U ìi. 
oldmemlll]UUI lll iu UU i uu unUUUunuuuuUlnunuu”Duuuuuuu 
freeOlj WUUUUU getmemOU LI I i UI UU i UI. UU ener UUUUUUUUUUUY oldmem] 
OOO T*'HOUODUODUOUOUL cotr*QYOUOUUUUUUUUUUUUUUY freeoll UUU 
HUUOHUUUUUUO 


free(&(((cntr*) oldmem )[-1])); 


ULÖHOUUÖUUUÖUUUÖUUUUUUUULD getmemOU I IU I. centri I Uh UI UI I. 
Inlnuuunnuunnnunununnnun nun reallocQUUUUUUUUUUUUUL 
UUUÖUÖUUÖUUOUUUUULUID memsteOÔl I I UI UI Ii Ui Uu uu uu I i i Ii uu I i Ii Il Ii iL 
IUnlnluuunnuuunuununuununnununnumnnnunn oldmemg][Ì [i Ll 
HOU 

oldmem=(T*)&(((cntr*)m)[1]); 

HOUUU oldmemJ UUUUUUUUUUUUUOT gettmemOU I I UI UI UI I I. LU 

UUUÖHOUÖOUOUL getmemOU ll I I Il UI Ui UI hi UI ui hi i I Ii Ii ui ii uu In I i I. 


//: GETMEM.CPP -- Test memory function template 
#include "..\14\getmem.h" 
#include <iostream.h> 





main() { 

int* p = O; 

getmem(p, 10); 

for(int i = 0; i < 10; i++) ( 
cout << p[i] << ! 4; 
pli] = i; 

} 

cout << '\n'; 

getmem(p, 20); 

for(int j = 0; j < 20; j++) | 
cout << p[j] << ' 1; 
pIj] = j; 

} 

cout << '\n'; 


getmem(p, 25); 
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for(int k = 0; k < 25; k++} 
cout << pik] << ! '; 

freemem (p); 

cout << '\n'; 


float* f = 0; 
getmem (f, 3); 
for(int u = 0; u < 3; u+t+) l 
cout << f[u] << ' '; 
flu] = u + 3.14159; 
) 
cout << '\n'; 
getmem(f, 6); 
for(int v = 0; v < 6; V++) 
cout << f[v] << ' '; 


freemem (£) ; 


) 


UOUUOUU gettmemOU I UL Uu UU UU UU Uu Uu uu u iu UU lUi UI UI. UU 

JUUUDUUUUUUUDDOUUU getmemOU I u UU Uu UI Uu UU uu Uu UU Ui. 
UIUUUuUuuUuuuuuunuuunuuuUuuUuUunU veid* &0 O oldmemJ O I I UU UU 
JUIUUUUDUUUUDUUUUDUUDUDUUDUDUUDUUU void DU UU I UU I UU 
JUUUUUUUUUUUDUDUDUUUUUUUUDUUDUUDUUDUUUUDUUDUU 
JUIUUUUUUUDUUDUUUDUUUUUDDUD 


15.10.2 [] tstackl] O OO 


HOUUUUUUUE tstackQYOUUUUUUUUUOUUUUUUUUYE tstackh OOU 
100000000000000000 tstackYOUUUUUUUUUUUUUUUUUU 

//: APPLIST.CPP -- Apply a function to a tstack 

#include "..\14\tstack.h" 

#include <iostream.h> 


// 0 arguments, any type of return value: 
template<class T, class R> i 
void applist(tstack<T>& tl, R(T::*f) 0) { 
tstackIterator<T> it(tl); 
while(it) { 
(it.current () ->*f) (); 
1t++; 
} 
} 


// 1 argument, any type of return value: 
template<class T, class R, class A> 
void applist (tstack<T>& tl, R(T::*£f) (A), Aa) { 
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tstackIterator<T> it (tl); 
while (it) { 
(it.current () ->*f) (a); 


1t++; 


// 2 arguments, any type of return value: 
template<class T, class R, class Al, class A2> 
void applist (tstack<T>& tl, R(T::*£) (A1, A2), 
Al al, A2 a2) { 
tstackIterator<T> it(tl); 
while(it) { 
(it.current ()->*f) (al, a2); 


it++; 


// Etc., to handle maximum probable arguments 


class gromit { // The techno-dog 
int arf; | 
public: E, | 
gromit (int Arf = 1) : arf(Arf + 1) () 
void speak(int) { 
for(int i = 0; i < arf; 1++) 
cout << "arf! "; 
cout << endl; 
} 
char eat(float) { 
cout << "chomp!" << endl; 
return 'z'; 
) 
int sleep(char, double) { 
cout << "zzz..." << endl; 
return 0; 


) 


void sit(void) () 


); 


main() ( 
tstack<gromit> dogs; 
for (int i = 0; i < 5; i++) 
dogs.push (new gromit(i)); 
applist (dogs, &gromit::speak, 1); 
applist (dogs, &gromit::eat, 2.0f); 
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» applist(dogs, &gromit::sleep, 'z', 3.0); 
applist(dogs, &gromit::sit); 


) 


applistOU UH UU WU WU Uu UU UU UUUUUUUUUUUUUUUUEY applistou 
JIUUUUDUDUDUUDUUDDUUDDUDUUUDUUUUunUuHnuuuonnuuunob 
OOO IUUUUUUO 

JUIUDDDDUDDUU appliso] UU UUUUUUUUUUUUUUUUUUUOO 
IUIUUDUUUUUUUDUUUDUUUUUDUUUDUUUNUUUUDUDUDOUU 
appistOU UU UU UU UU Uu liu dun iu uu lulunuuUuDuuUuUuuuunob 
OOOO sremi]UIUUUUDUUUUUUDU “THI UI UI Uu ' UUI UF UU U UU UU LU 
JUIUUUUUDUDUDUDDDUUUWD 

UU applisiOll lU UU UU Uu UU UU iu U3»UU UU ui Ui Uu HUU UU 
JIUUUUUDUDUUUUDUDUDUDUDUUUUUUUUDUDUUDUDUUDD 
JUIUDUUUDUDUUUUDUUDUDUDUUUUUUUUUDuDUuUuuoDuunouno 
JUIUUUUuDnunuUuUnD”nouuunob 

JUIUUUDDUUDUUDUDDUDU tstackY lll Ul UL UU I UU) «stack O OUUUUO 
JUIUUUUDUUDUUUUDUULU 


19.103 OOO 011411 


U applistOU OO O0OOOOOOCOCOOOOOOOOOOOOOCOOOCOOODOODO WO 
JUIUDUUONUUUUDDODUUUUUUUUUDDUD 


dogs.applist(&gromit::sit); 


JUIUUUUUUUUUUUDDDUUU20UUDn PL 
15.11 DOOD 


JUIUDUUUUDUDUDUUUDUUUUUDUDUUDUDUDDUUDUDUDUUUL 
JUIUDUIUUUUUUUUUDDUDUUUDUNUUUDUDUDUUUU 


template class bobbin<thread>; 
template void sort<char>(char *[]); 


O O SORTED.CPPH FUHUUUUUU I-70 UUUUUUUUUUUUUUUUO 


//: GENERATE.CPP -- Explicit instantiation 
#include "..\14\sorted.h" | 
tinclude "..\14\integer.h" 

// Explicit instantiation: 

template class sorted<integer>; 


main() { 
sorted<integer> is; 
urand<47> rand1; 


I] OOO NickPak I UU UI I Uu iu 1 Uu I i DO A 
2] IUIUUDUDUUUUUDUUDUUUUUUUun 





338 C++0 000 China*puh.eom 
— nn 


for(int k = 0; k < 15; k++) 
is.add(new integer(randi())); 
for (int 1 = O; 1 < is.count(); 1++) 


cout << *is[1] << endl; 
} 
IUDUIUIUUIUUOUDUDUDDUDUDODUUUDDUDDDUDUODDUDUOUODUDDUUUDUUD 


JUIUUIUUUUDUUUDDOD 

EI EL 

sorted] I I 3 Uu I Uu Uu 83 U Uu Ii Uu Uu U UI I UU. cha I U/ Uu H3UUiu i UU I UU 
JnIUDUUUUUUUDUUUUUUDUDUUUUUUUDUUUUUUDUUDuUDUu 
JnIUUDUUUUUUUUDDUUUUUUUUUUDUDUDDUODLD Uchar*] sorted O C 


//: SPECIAL.CPP -- Template specialization 
// A special sort for char* 
#include "..\14\sorted.h" 
#include <iostream.h> 
class sorted<char> : public tstash<char> { 
void bubblesort(); 
public: 
int add(char* element) { 
tstash<char>::add(element); 
bubblesort(); 
return 0; // Sort moves the element 
) 
}; 


void sorted<char>::bubblesort() ( 
for(int i = count(); i > 0; i--) 
for(int j = 1; j < i; j++) 
if(strcmp(storage[j], storage[j-1]) < O) { 
// Swap the two elements: 
char* t = storage[j-1]; 
storage[j-1] - storage[j]; 


storage[j] - t; 


char* words[] - ( 
n is " 7 n running " i " big" i n dog n ' "a" i 
}; 


const wsz = sizeof words/sizeof *words; 


main() { 
sorted<char>'sc; 
for(int k = 0; k < wsz; k++) 
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sc.add (words [k]) ; 
for (int 1 = O; 1 < sc.count(); 1++) 





cout << sc[l] << endl; 


) 
U bubblesortOW WU OUUUUUUUE strempOU UU >L 
15.12 OU 


10000 ooPl CJHOUUHOUUUOUÖUUOUUOUHUOUUOUHUUOUUOUOUUOUOUOUODOUU 
JUIUUUUUCcCUUUUUDUUDUDUUUUUUUUUUUUUUDUDUUUuno 
UOUUUO 

JUIUDUUUUDUUUDDUDUUUUUDUDUDUOUUUUDUDDUDUUUU 
JUIUUUDUUUDUDUUDUUUDUDUDUDUDUUUUUUUUuUuguuuunoD 
JUIUUDUUDUUDUDUDUUNUODUDOUOUOUUUUUUUUUUUUUUuU 

JIUDUUUUDUUUDDUDUUUUDUDUODDOUDUUDUDDUDUUDUL 
JUIUUUunUumUUunuUunununuSunluS”uo”Duo”nuun "'UWDnnc—uUUUDunuu 
JUIUUUUDUUDUUUUUU 

JIUDUOUUUUUDUDDUUUUUUDUODUUDUDUUDUDUUUUUUDULU 
JUIUUIUUUUUDUODUUUUDUUUUUUUUDUDUU lbUOUUUUUUUUUUa 
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LGOOU 400000000 0 UU JU tstack [] tstackIterator[] |] shape] OU O OUUU 
HOUOUUUUUUOUO OU tstackJ I EI EI Ll] shape I EI EI. LL 

2. 0 0 0 140 0 0 SSHAPE2.CPP[] [] O tstack{] (0 0 Ll 

3. U U RECYCLE.CPP[] [] L| tstash[] [] tstack[] 

4.[] [|] SETTEST.CPP[] [] [|] sortedSet[] [] set.[] 

5.[] tstash [] [] U APPLIST.CPP[][] U U 

6. Il TSTACK HI]l]I 00000 0 UU] APPLIST.CPPU O ODUUL LUL tstack[] [] 
HOUOUUUUUUUUUUUUUUUUUUUUUUo 

7.00000 tstackYOUUUGUUUUUUUUUUUUUUUUUUUUoUoUd 
HOUUUEUUUUUUOUU addOUUUUOUUUUUUUUUUUUUUUUUUoUoUo 
UOULUUUUUUUUUUUUUUUUUUUUU LD addO I I I I'L 

6. 000000 tek]0000000000000000000000000000 
HOOUUUUUUUUUUUUUUUO 

9. O O O OU U OU SORTED.CPP[] urand]] ] WO OOOO UO 0 U SORTED.CPP|] O [] 
1000000000000 

10. 0 0 UU O GETMEM.H[] [] typedef cnt I I UI Ul UU UU Ui Ui Ui Ui Ui Ui i il i Pi i ui 
NOUUUOUOUUUUOUOUOUOUOUOUUUUU 

1.JÖOUÖUOÖUUUUUUOUOUOUOUODOUOUODOUODOUUUOUOUOUOUU UL SStingQOUUUUU 
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1000 MID multiple inheritance)[] UOUOUUUUOUUUUUUUUU 

HOUUUUUDUUUUUUUUUUUDUUUUUUUUUUUUUUUUUoU8 
MIDDIUIUUUNMIDIUUIUDIODUUUDDUUUDUUIODUUUDODUDDUUDUUUDUUD 
OUUU 


16.1 UOL 


UC+HOOUUUUUUUUUUUOUOU Smalltalklj Smalltalkl] GOUUUUUGUUUU 
O00000 Smalealkl] ” O00” 0 c+00“ OUU UUU0DU cy C 
UDD Smalltak] Il Ii Il I UI Uu Uu Ui i Ii i I i i i iu Ui i i Ii ui i i i il in 
UOUUOUUUUULUI ObectYOOOUUUUUUUUWH Smalltakl] I I UI I Ui Ii Il Ui. LU 
HOHOOUUOUUUUOUUUUUUUUUUUUUUUOSO SmalttakkQOOUUUGUUUU 
HOUOUUUUUUUSU Smalltaiki O O UUUUU Smalltalk class WO ID UI i Ii Il Ii I LU 
UL 

Smalltalk] I I I i i i Uu Uu Uu Ui Il I I Object! I I I I Ui UI Uu UU hi i i i UI. 
lNnNHHNUUDNDDDDDDDDUDDUDUUDDDDUDDD c—UDUnnnuununnoun 
HOCHOUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOUOo$ 

HOUOUUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUU)U MIL C++ 
OOOO AT&T [| cfront2.0 | 00 MI LU I Il ui ui ul Yi Uu i i Il Il ui Ii Ii Ii I'L 
INnNHUUDUDDDUUUUDHDUDUDDDUUUDDHDDDUDUDDDUDN Miguu 
HOUOMNOUUOUOU" UU" OOD | 

HUUUOUUUUUUUUUUUO MI | ! 
HOUUUUUUUOUUUUUUUUUOO 
HOOUUUUUUUYUUUUUUOU void* 
HO UU DU pstash [| stack[] [] Smalltalk[] 
UOUUOUUUUDO ObjecttQTOUUUUU 
Object[] 0 0 Smalltalk] 1080000 0000 
Smalltalklll]llllllll] Dl Object] 0000 
OUUU Objects! I I I UI Ii Di i Ii UL 
HOUUUUUUUU 

OOOO CHO UUUUUUUU ADUUUUUUUUUUUUUUUUUUUUUo 
HOUUUUUUUUUUUUUUUUUUU noder I I I I Ii ui Yi Y I I i Ui Ii Ui I. B 
UOULUÖUUUUUUUUOUUUDIUD Bumagel] i i UU UI Ui Ui Pui iu uilu 1Lu UU Il Ui. 
UDD On Bidmagel] holder] O0 I I I Ui i i Ii I i I I I. Bidmaage[] holder] 

HOMIPVUHOUUUUOUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
IMU UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUoU MOU 
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UO 
HOUOUMIPUOUUDCUUUUUUUOUUUUUUUUUUUUUUUUOUUUdG 

HOUOQUUUOUUUODUUUUUUUOUU MOUOUUO jos | 

HOUUOUUUUUUUUUUUUUO PAN 
OUKÖUOUOUUUODUUUODOUODOUUOUONUODU ee ae A e  — , 

IUIDDUIUHUDDUIUHUDUUDUDDDUIUDUDDDUUUDDUU leer 
HOUUMMOUOUUUUUUUUUUUOUUOUUSD | 

IUIUODDUIUUODUIUUHDDUDUUDDOUDL | iostream. 

16.2 HOOD D 16-2 


JUIUUDUUUUDOUUUDUDUDUUUUUDUDUUUUDUUDDUDUDUDUUUL 
UU dO 2OUOUOUUUUUUO mY o mou dUOUUU @YOUOGUUU mil 
UOUUU 





dl OR G Lo No 
webu kg oem FE f dl E : a2 a 
a mi = i E mg i 
fa] | [ESI 
; l [a]; 
— i el) 

D 16-3 D 16-4 


UOUOUUU dl AUOOUOUUOUUUUUUUUY based i Ul Ui Il UI. LU 

UUUOUOY dl] do 0 0] base] UI U I i mi] Uu UU Uu UU UU UU UU Ui.LU 
UUUUUUUUUUUUUDn UU ”'UDUUUUUUUUUDUUUUUDUUuuUuuuu 
JIUDUUUUDUUDUUDUUUDUDUDUUUDUUUUUUUUDnUuuUuuUuuuuunoD 
JUIUUIUUUUDUUUUUDDUUUUDDUUUUUUUUUUDDD 
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IDINUUIUUIDDDDDUniDlUllUllUlUlDUD vasel il i I i I i Ii I I I. LL 
basei OO II I I I Uu IU UU i Ul i Uu lU Il UI? UI iU i II Ui Ui i UI I .LJ 
//: MULTIPL1.CPP -- MI & ambiguity 


tinclude <iostream.h> 


tinclude "..\14\tstash.h" 


class base { 
public: 
virtual char* vf() const = 0; 
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); 





class dl : public base ( 
public: 
char* vf() const ( return "d1"; ) 


Hi 


class d2 : public base { 
public: 
char* vf() const { return "42"; } 


); 


// Causes error: ambiguous override of vf(): 
.//! class mi : public d1, public d2 (); 


main() ( 

tstash<base> b; 

b.add(new dl); 

b.add(new d2); | 

// Cannot upeast: which subobject?: 
//! b.add(new mi); 

for(int i = 0; i < b.count(); i++) 

cout << b[i]->vf() << endl; 


} 


00000000000000 4042000v000000000000000000 
mi] OOUUUUU bHUUUUOUUUUUUUO newm [OHOOO IU] base“ I UU I.D 
UUOUUUUOU di0 base O d20 00O base] Ii UU I Uu i Uu Uu ui u i. 
UU 


16.4 UULU 


HOUUUUUUUUUUUUU mJ UU vfOUUUUUUUUUUUUO 

UULUUUUUUOUUUUUUUUUUUULI virtual OUUU virtual 
UULUUUUUUUUUUUONUUUUUUOUOUUUUOUOUUUUUUUUUID pointer 
magici IIi iu uu UU UU i uu 1» UU I Ui LU 

IUUlnuuuuuuuunnuuuuuuunnuuuuuuuunuumnuunu 
UUOUÖDU 

//: MULTIPL2.CPP -- Virtual Base Classes 

#include <iostream.h> | 

#include "..\14\tstash.h" 


class base { 


public: 
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virtual char* vf() const = 0; 


); 


class dl : virtual public base { 
public: 
char* vf() const ( return "d1"; ) 


bi 


class d2 : virtual public base { 
public: 

char* vf() const { return "d2"; } 
); 
// MUST explicitly disambiguate vf(): 
class mi : public d1, public 42 { | 
public: 

char* vf() const ( return dl::vf();) 


); 


main() ( 
tstash<base> b; 
b.add(new dl); 
b.add(new d2); 
b.add(new mi); // OK 
for(int i = 0; i < b.count(); i++) 
cout << b[i]->vf() << endl; 


} 


JUIUUUUUUDUUUUDUDUDDUUUUU mill vfoo UUUUUUUUUO 
HOUUHUUUUUUUUUUO 
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HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOUo 
IUUlnDuuuuuuUunnnuuuuuuunnuuuuuuununuumunnuuununoun 
|] most-derived[[] 

IUDnnlunuuuuuuunnunuuuuuunnuuuuuuuunuuumnuunu 
UOULUÖUUOUOUUOL eael U dU UUUUU dDUUUUUUUU mi hl I I I UL. mill 
HOUUUUU 

IUUnnDuuuuuuunnuuuuunuuunnnuuuuuuunnuumuwu 
IUlUnlululuuuulnuuuuuunuunuunnuunuuunnunuunununo 

//: MULTIPL3.CPP -- Virtual base initialization 

// Virtual base classes must always be 

// Imtialized by the "most-derived" class 

#include <iostream.h> 

#include "..\14\tstash.h" 
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class base { 
public: 
base(int) {} 
virtual char* vf() const = 0; 


}; 


class dl : virtual public base { 
public: 

d1() : base(1) {} 

_char* vf() const { return "di"; } 


); 


class d2 : virtual public base { 
public: 

d2() : base(2) () 

char* vf() const ( return "d2"; ) 


E 


class mi : public dl, public d2 { 
public: 
mi() : base(3) {} 
char* vf() const { 
return dl::vf(); // MUST disambiguate 
| | 
); 


class x : public mi ( 


public: 
// You must ALWAYS init the virtual base: 
x() : base(4) () 

); 

main() ( 


tstash<base> b; 
b.add(new dl); 
b.add(new d2); 
b.add(new mi); // OK 
b.add(new x); 
for(int i = 0; i < b.count () ; i++) 
cout << b[i]->vf() << endl; 
} 
dil] @YOUUUUUUUUUUUO base I I UU UU UU UI Ii iu UU i I I mill XI UI. LU 
HOUUUUUU bas] i i i lUllliiuuuuunnnnuuuumuuuuunnoun 
UOUUU HOUD basei OOO 2lUlUluUuuuuuuuuuuuuuuuuunnnwuu 


JUIUUIUUUDDUUUUUUDUULU 
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JUIUUUUUUUUDUDDUUUUUUDUOUUDUDUUDUDDUUUUUUULU 
IUIUUUUD.UDUDUUUDUUDUUUUUUUUUDUUUDUUDUDDUDUDUUDUU 
UUUUU 


//: MULTIPL4.CPP -- "Tying off" virtual bases 
// so you don't have to worry about them 





// in derived classes 
tinclude <iostream.h> 
tinclude "..\14\tstash.h" 
class base { 
public: 
// Default constructor removes responsibility: 
— base(int = 0) () 


virtual char* vf() const = 0; 


); 


class dl : virtual public base { 
public: | 

di() : base(1) () 

char* vf() const { return "di"; } 


bi 


class d2 : virtual public base { 


public: 
d2() : base(2) {} 
char* vf() const { return "d2"; } 


); 


class mi : public di, public d2 { 
public: 
mi() () // Calls default constructor for base 
char* vf() const { 
return d1::vf(); // MUST disambiguate 


) 
Yi 


class x : public mi ( 
public: 
x() () // Calls default constructor for base 


); 


main() { 
tstash<base> b; 
b.add(new dl); 
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b.add (new d2); 

b.add(new mi}; // OK 

b.add (new x); 

for(int i = 0; i < b.count(); i++) 


cout << b[i]->vf() << endl; 


} 
JUIUUIUUUUDUUUUDUUUUUUUUUUDUUUUDUUUUDDD 


16.5 OU 


HO" OOUOYD pointer magic” QUQUUUOUUOUUUUUUODUUUUUUUOOUU 
10000 

//: OVERHEAD.CPP -- Virtual base class overhead 

#include <fstream.h> 

ofstream out ("overhead.out") ; 


class base { 
public: 
virtual void £() const (); 


); 


class nonvirtual inheritance 
: public base (); 


class virtual inheritance 
: virtual public base (); 


class virtual inheritance2 
: virtual public base (); 


class mi 
: public virtual inheritance, 
public virtual inheritance2 (); 
#define WRITE (arg) \ 
out << #arg << " = " << arg << endl; 


main() { 
base b; 
WRITE (sizeof (b) ); 
nonvirtual_inheritance nonv_inheritance; 
WRITE (sizeof (nonv_inheritance) ) ; 
virtual inheritance v_inheritance; 
WRITE (sizeof (v_inheritance) ) ; 
mi MI; | 
WRITE(sizeof(MI)); 
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UOUÖLUUUUUOUUUOUUUU UUUUL core size TI ll UI UI Uu UU UI Uu I Uu J.L 
IUUnnuumuuuuunnnuuuuuuunnuuuuuuunnuuununuuunn 
IUlUunuuuunuuuuunnnunuuuuununuuuunnunnuunouwutn 

sizeof(b)=2 

sizeof(nonv inheritance)=2 

sizeof (v inheritance)=6 

sizeof(Ml)-12 

OOOD PL nonvinheritancel] OO Ul I Uu â UN Uu i UU HU i I I VPTROUUUO 
IUlnlnnuunmuuuunnnuuuuuuunuuuuuuunnuuunuuuunonn 
UOUGUÖUÖUOUOUUODUUOUOUULU -rrrtu 

IUUUlnDuuuuuuunnuuuuunuuunnnunuuuuunnuuwunu 
IUlDluUuuulnuuuunuuuunuunuununuunnunu “UUUUUUUUO 
IUlnluUuulnuuunnuuunuuuuuuuunuuuunnuwuwuu 


16.6 YOO 


JUIUDUUUUDUUDUDUUDUUUUUDUUDUDUUUUDDUDUDUDUUUL 
JUUIUUUunDununnDnnuDunuUDUuoDHnguguguuguuoUUu til 000D 
IUUUUDUDUDUDUUDUUDDUUDDUDUDUUUUUUUUUDUUuDUuUunoD 
JUIUUIUUUDDOUUUUDUNUUDUUDDU isDl UUIUU UI UUUuDnunbu 


//: MITHIS.CPP -- MI and the "this" pointer 
tinclude <fstream.h> l 





ofstream out ("mithis.out"); 


class basel { 
char c[0x10]; 
public: 
void printthis1() { 
out << "basel this = " << this << endl; 
) 
) ; 


class base2 ( 
char c[0x10]; 
public: 
void printthis2() ( 
out << "base2 this = " << this << endl; 
} 
ys 


class memberl { 
char c[0x10]; 
public: 


[1] [] Jan Gray Ca Under the Hood, a chapter in Black Belt C++(edited by Bruce Eckel, M& T press, 1995)[] 
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void printthisml() { | 
out << "memberl this = " << this << endl; 
}; 


class member2 { 
char c[0x10]; 
public: 
void printthism2() ( 
out << "member2 this = " << this << endl; 
) 
Hi 


class mi : public basel, public base2 ( 
member1 ml; 
member2 m2; 
public: 
void printthis() { 
out << "mi this = " << this << endl; 
printthis1 () ; 
printthis2 () ; 
m1.printthisml () ; 
m2.printthism2 () ; 
) 
); 


main() ( 
mi MI; 
out << "sizeof(mi) — " 
<< hex << sizeof(mi) << " hex" << endl; 
MI.printthis(); 
// A second demonstration: 
basel* bl - &MI; // Upcast 
base2* b2 - &MI; // Upcast 
out << "base 1 pointer = " << bl << endl; 
out << "base 2 pointer = " << b2 << endl; 


) 


IUUunluuuuuuuunnuuuuuuunnuuuuuuuunnumnuunu 
UULUUOUUUUUUUOUUUOUOUOOULD asiU”lUUUUUUUUuuunnuuuunu 
HOUUUmMmPUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUO 
HUUUUUUUUUUUUUUUUUUUO thisWOUUUUU mY UUUUUUUUUO 
OUUU 

sizeof(mi)=40 hex 

mi this=0x223e 

base1 this=0x223e 
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base2 this=0x224e 

member1 this=0x225e 

member2 this=0x226e 

base 1 pointer=0x223e 

base 2 pointer=0x224e 

HOUUUUUUUUUUUUUUUUUUUUUUU CHU UUUUUUUUUUO 
HOUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUoUo 
IDnlnuunnuunnumununuununumunnumunnnnu 

O O basel[] base] ll I LI UI Ui uu Ii i i ll i iu i li lli i i Ui iu iu uu I i I Il i Li 
HU cislllll Il FU UI iu Ii hi li iu u Ii Ui iu uu ri i Uu uu Ini i i iu i I i I I UI. LL 
INnlUluUuunnuuuunuuunnununnununuuuunnunnnumwnun 
OUUU 


JUN 


HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOUUUUUd 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUUUoo 
HOOHUUUUUUUUUUUOD 

HOHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOUUUUUd 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUUUoo 
100°0000000 0 

HOÖÖKHÖUUOUUOUOUOUUUOUOUOUUUOUOUOUUONUODOUOOUUOUOUOUUUOOOUU 
HOOUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUo 

HNOUOUUUUUUUUUUUUUUUUUUUUUUUOD 

YOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOo$ 
HOU 

AIOUUHUUUOUOUOUUUUUUUUUOD 

NOUUUUUUUUUUUUUUUUUUUUUUUUUUOO 

HOHUOUOUUUUUUUUUUUUUUUUUUUUUUUUUUU SG serialization[] [] 
HOUOUUUUUUUUUUUUUUUUUUU L deserializaionll] O I I I I I dI FI Ii I'L 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUUUoUo 
INUDUDDDDUDUUUHDDHDDDIHDDODDDDDDDDDDUL seialzeO [LILI EI LlLl 
HOUOUUUUUUUUUUUUUUUUUUUUUUUo 

1.0 0 MOULD 

OOOOOOUOUUOOUUOOOOOUOUUOOOOUOUOUOUUOUOUOUO0OUUU 
OOO persisencel] ll I UI Ui Il iu YI Uu ul I i Ui Ui i i i Il i i uu i l Il i i Il I. LL 
InNnuNHNHDDUDDDDUUDUDDDDDDDDUDL 

//: PERSIST1.CPP -- Simple persistence with MI 
#include <fstream.h> | | 





class persistent { 
int objSize; // Size of stored object 
public: 
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persistent (int sz) : objSize(sz) {} 





void write (ostream& out) const { 
out.write((char*)this, objSize) ; 

) 

void read(istream& in) ( 
in.read((char*)this, objSize) ; 


} 
Ja 
class data { 
float f[3]; 
public: 
data (float f0 = 0.0, float fl = 0.0, 
float f2 = 0.0) { 


£[0] = £0; 
f[1] = £1; 
f[2] = £2; 
) 
void print (const char* msg = "") const ( 
if (*msg) cout << msg << " "s 
for(int i = 0; i < 3; i++) 


cout << "f[" << i << "J = " 


<< f[i] << endl; 


} 
); 


class wdatal : public persistent, public data { 
public: 
wdatal(float £0 = 0.0, float £1 = 0.0, 
float £2 = 0.0) : data(£0, f1, £2), 
persistent (sizeof (wdata1)) () 


); 


class wdata2 : public data, public persistent { 
public: 
wdata2(float f0 = 0.0, float £1 = 0.0, 
float £2 = 0.0) : data(fO, £1, f2), 
persistent(sizeof(wdata2)) () 


); 


main() ( 
{ 
ofstream f1("f1.dat"), f2("f2.dat"); 
wdatal d1(1.1, 2.2, 3.3); 
wdata2 d2(4.4, 5.5, 6.6); 
d1.print("d1 before storage"); 
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d2.print ("d2 before storage"); 
dl.write(fl); 
d2.write(f2); 
) // Closes files 
ifstream f1("fl.dat"), f2("f2.dat"); 
wdatal dl; 
wdata2 d2; 
d1.read(f1) ; 
d2.read(f2); 
dl.print("d1 after storage"); 
d2.print("d2 after storage"); 


) 


HONOUOUOUONIDL persistent::readQ [] persistent:writeO[] O O U U hil] OU OO 0 
HOU read) O writeOUUUUUUUUUUU FO PUI I Ui i I Ui UI ui uii ui I i Ii I I'L 
HOUOUUUOUUOUU Ll writeOll UU 

INDUDUUDDDUUUUHNHDUDUDUDDUDUDUUUUNHDDUDUDDUUUDUDNHNHDD 
10000U0000U00U0O0O0N00 1000 UUUUUUDU”UUUUUDUUUUUUDD 
HOUUUUUUUUUUUUUUUUUUUUUUY sized VUUUUUUUUOUW 

[O data] O O UU O VPTROUOUUUUUUUUUUUUUUUOUOUS wdatal[] maingi 
O F1i.DATO OOUOUOUUUUUUUUUUUUUUUUUUUULUU persistent] O O wdata2[] 
HOUUUUUUUUHY persistent thislll I I Ul 3 Ul I Uu Ii i i iu DU i i Uu Ii ui ni 
HHOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoo 
HOU 

HOUOUUUUUUUUUUUUUUUUUU “ill 00000000 eis lll 
HOUUUYUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
HOUUUUOUUUUUUUUUUWUUUUUUUUUUUUUUUUUUUUoUOooo 
HOHUOUOUUOUUUUUUUUUUUUUUUUUUUUUUUUUUUU8 18000 
UOT UCO- VUUOUUOUUUUUUUUUUOO 

2000000 

HOHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoo 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoo 
HOOUOUUUUUUU "UBDHUUUUUUUUUUUUUUUUUUUUUUUUUUO 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
HOHUUUUUUUUUUUUUUUUUUOUUO 


//: PERSIST2.CPP -- Improved MI persistence 
tinclude <fstream.h> | 
tinclude <string.h> 


class persistent { 
public: 


I] OOUDOUN 
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virtual void write (ostream& out) const = 0; 

virtual void read(istream& in) = 0; 
Ya 
class data { 
protected: 

float f[3]; 
public: 

data(float £0 = 0.0, float £1 = 0.0, 

float f2 = 0.0) { 


£ [0] = fo; | 
f(1] = fl; 
f[2] = f2; 

) 

void print (const char* msg = "") const { 


if (*msg) cout << msg << endl; 
for(int i = 0; i < 3; i++) 
cout << "£[" << i << "J =" 


<< f[i] << endl; 


) 
}; 


class wdatal : public persistent, public data { 
public: 
wdatal(float f0 = 0.0, float fl = 0.0, 
float f2 = 0.0) : data(fO, fl, £2) {} 
void write(ostream& out) const { | 
out << f[0] << " " << f[1] <<" " << f[2]; 
} 
void read(istream& in) { 
in >> f[0] >> £[1] >> f[2]; 
) 
); 


class wdata2 : public data, public persistent ( 
public: 
wdata2(float £0 = 0.0, float fl = 0.0, 
float f2 = 0.0) : data(f0, £1, f2) () 
void write (ostreamš out) const { 
out << f[0] << " " << f[1] << " " << f[2]; 
) 
void read(istream& in) { 
in >> £[0] >> f[1] >> £[2]; 
) 
E 


class conglomerate : public data, 
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public persistent { 





char* name; // Contains a pointer 


wdatal dl; 
wdata2 d2; 
public: 

conglomerate (const char* nm = "", 
float £0 = 0.0, float £1 = 0.0, 
float f2 = 0.0, float £3 = 0.0, 
float £4 = 0.0, float £5 = 0.0, 
float £6 = 0.0, float £7 = 0.0, 


float £8= 0.0) : data(f0, f1, £2), 
dı (f3, f4, £5), d2(f6, £7, £8) { 
name = new char[strlen(nm) + 1]; 
strcpy(name, nm); 
} 
void write (ostream& out) const { 
int i = strlen(name) + 1; 
out << i <<" "; // Store size of string 
out << name << endl; 
d1.write (out); 
d2.write (out) ; 
out << f[0] << " " << f[l] << " " << f[2]; 
} 
// Must read in reverse order as write: 
void read(istream& in) { | 
delete []name; // Remove old storage 
int 1; 
in >> i >> ws; // Get int, strip whitespace 
name = new charli]; 
in.getline (name, 1); 
d1.read (in) ; 
d2.read (in) ; 
in >> f[0] >> £[1] >> f[2]; 
} 
void print() const { 
data: :print (name) ; 
dl.print(); 
d2.print () ; 
} 
bs 


main() { 
{ 
ofstream data("data.dat") ; 
conglomerate C("This is conglomerate C", 
Isl; 2:2, 3s 3y 4.4, 5:35: 
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6.6, 7.7, 8.8, 9.9); 

cout << "C before storage" << endl; 

C.print(); 

C.write(data); 
} // Closes file 
ifstream data("data.dat") ; 
conglomerate C; 
C.read (data) ; 
cout << "after storage: " << endl; 
C.print(); 


) 


UU persistent] I UL Ul UU UU I Uu UU Uu U3 Uu uu Uu Uu UuUUUUuUDUuUuDnuDnuu 
O0 data] IU UU UU DU Uu Uu Uu Uu Uu u UU Uu Uu UU UUN UU i U U.U 
JUIUDUDDUDdewelU I i Uu Uu HlUUUDuUnununuluUuDnDununuuonunu 
JUIUUDUDDUUDUDDIDUUUUUUUUUUUUUUUUUUUDUUDUUDUDUUUDD 
JUIUDDOUOUUDDDULUDUUL protected[] 

[] wdatal[] wdata2y] DUO UU MOU UUUUUUUUUUUUUUUUUUUUo 
datai WU UUUUU writeo] dI I Ul Uu UU UU Uu Uu Ui Uu i uu iuuwuuu 
UUUUUUUUE conglomerate[] UO 0 data] OO 0O OOO wdatall] wdata2l] JO UU OU 
UOUUOUUUUUUUUUY persistenl]l] I UU I I i UI I Ui vPTRI IU UU IU LD 
JUIUUIUUUUDUDUDu 

UO U writeO[] readOl] O O OO read O UUUUUUU wrieeOll DI UI U u UI U I .L 
UUUOU readOQU UUUUU write I Uu Uu Uu UU Uu UI UU UU. char* i I I I UI. U 
JUIUUUUUUUDUUUUUDDUUDUDUDUDUDNUOUUUDUU redOD ll UU i UU LD 
JUUunu 

JUIUDUDUDOU readOl write HLOUHOUHUÖHUÖUUÖUUUUUOULD read0 [] 
writeOll I Uu Ui uu Ui ui iu 

JUUUDUDUUDUDDUUNUUUUU 

IUIUUUUUUDUUUuUUDuUuuUUuguUUuuUDuuUunuuUuunuuuuuuuu'u 
UNn”UDUUIUDUUUUUUUUUUDUUUUUUUUUUDUUUUN C+- U0 U 
JUIUDIOUUUUDUDUUUUDDUDUU 


16.7 [1 0 MI 


U PERSIST7ACPI]UUUUDUUUDUDDUDUDUUDUUUDDUUUUULU 
JUIUUUDUDUUUUUUUUDUUUUOUUUUUUDUUDDUDU daad I U I UU i. 
UU U read) O writeOl] O O O data[] wdatal[] wdat2l] VUUUUUUUUUUUUUU MI 
JUIUDUUOUUDUDUUDUDUDUUUUDUUDUDUDODUUDDDUUDDUDUUUU 
JUIUUOUUUUDDUUUUUDUNUUUDUNUUUUDUOUUUUUDUUOLU 

>DLIUUUUUUUUDUDUDDUDUUNUUOUOUUUUUUUUUUUUUUuUDnunu 
UU 

YUUUUUUUHVUUUUUUUUUUUUUUUUUUUUUUUUOUU 
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UNUIUUUNIUUUNHUUDu'U'UuUUDUugUuUUDUuuUUuUDU MII 

JUIUDUUUUDUDUUDDUDUUUUUDUUDUUDUDUUDUDUDUDUDUUUU 
JIUUDUUUUUDUUDUDUUDUDUDUUUDUUUUUDUUUDUUUUUUUD 
JIUDUUUUUDUUDUDUUDUDUDUUDUDUUUUDUUUDUUUUUUUuD 
JUIUUUUUDDUDUUDDUD 


16.8 QUOC 


INnNHUUDUDnUuuuunnnguunnuuuunnnuunnnuuunnmunoun 
INUUDUDDDDUUUUHDUDNHDUDDUUUUUDUDHDUDUDDUDDDUUUUDUNHDUDD 
INUNHUDUDDDDUUUUHDNHDUUDDUUUUUDUNHDUDUDUDDUUUUDUNHDUDL 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU 

HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUd 
HHOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUoUUoo 
HOUUUUUUUUUURUUUUUUUUUUUUUUUUUUUUUUUUUoUUUo 
HOHUUUUUUUUUUUUUUUOUOUO 

HOOHUUUUUUUUUUUUO 

//: VENDOR.H -- Vendor-suppplied class header 

// You only get this & the compiled VENDOR . OBJ 

#ifndef VENDOR H 

#define VENDOR H 





class vendor { 

public: 
virtual void v() const; 
void £() const; 
~vendor () ; 


bi 


class vendorl : public vendor { 
public: 

void v() const; 

void £() const; 

~vendor1 () ; 


); 


void A(const vendor&); 
void B(const vendor&); 
// Etc. 

#endif // VENDOR H_ 


JUIUUIUUUUODUUUUUUUununnDUuDunuuu AOU BODUUU UU 
JUIUUIUUUUDUDUUU 


//: VENDOR.CPP -- Implementation of VENDOR.H 
// This is compiled and unavailable to you 
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#include <fstream.h> 
-4include "..\15\vendor.h" 


extern ofstream out; // For trace info 


void vendor::v() const { 


out << "yendor::v()\n"; 


) 


void vendor::f() const { 
out << "vendor::f()\n"; 


) 


vendor::~vendor() { 
out << "~vendor()\n"; 


} 


void vendorl::v() const { 
out << "vendor1::v() An"; 

} 

void vendorl::f() const ( 
out << "vendorl::f()An"; 


} 


vendorl::-vendor1() { 
out << "~vendor1()\n"; 


} 


void A(const vendor& V) { 
VT was 

 V.vO; 
v.f(); 
[T asa 

} 


void B(const vendor& V) { 
JE pos 
V.v(); 
Vit ()5 
(rs 
} 


JUIUUUUDUUDUUDUUUUDUDUDUDUDUDUUUUUUDUDUU VENDOR.OBJ 
0 VENDOR LIB iU Uu UI U Uu U UI. EL 
JUIUUIUUDUUUUUUUDOUUUDUUUDUUUUUUUUUDUUUDUUUunD 
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fOO HH UUHHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOo$ 
HOUOUUUUUUUUUUUUUUUUUUUUUUUUU AOU BOUUUUUUUUUL 
HOOHOUUUUUUUUUUUUUUO 

INnNHDUDDDUDUUUUDNHDDUDDUUUUHDHDDUUUDDUUUDNHDUDD 
HOUOUUUUUUUU 

//: PASTE.CPP -- Fixing a mess with MI 

#include <fstream.h> 

#include "..\15\vendor.h" 


ofstream out ("paste.out") ; 


class mybase { // Repair vendor interface 
public: 

virtual void v() const = 0; 

virtual void £() const = 0; 

// New interface function: 

virtual void g() const = 0; 

virtual ~mybase() ( out << "~mybase()\n"; } 


Ì; 


class pastel : public mybase, public vendor1 { 
public: | 
void v() const ( 
out << "pastel::v()\n"; 
vendorl::v(); 
) 
void f() const ( 
out << "pastel::f()\n"; 
vendorl::f(); 
) 
void g() const { 
out << "pastel::g()\n"; 
} a 
-pastel() { out << "-pastei()An"; ) 


); 


main() ( 

pastel& plp = *new pastel; 
mybase& mp = plp; // Upcast 
out << "calling £()Xn"; 
mp.f(); // Right behavior 
out << "calling g()\n"; 
mp.g(); // New behavior 
out << "calling A(plp) Xn"; 
A(plp); // Same old behavior 
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out << "calling B(plp) Xn"; 
B(plp); // Same old behavior 





out << "delete mp\n"; 
// Deleting a reference to a heap object: 
delete &mp; // Right behavior . 


} 


U mybasel] lll MDU fOUOUUUUUOUUUUUUUUUUUUUUUUE sou 
JUlUUUUUUUUUDUDUUUUUUDDUD MIUUUDUUDDUUUDUDUU 
pastel::vQ [] pastel: FO] Ul UU Uu DU UUN Uu HU I Uu UU U UU UI. main Ol] U 
mybasell |l] UUUU 


mybase * mp=plp;// upcast 
INUDnDumuununnnudeece] UU mp I UI UI Uu Uu i Uu I UU Ui so UI i I I LI 


mp UUUUUUUU 
calling f() 
pastel::f() 
vendorl::f() 
calling g() 
pastel::g() 
calling A(p1p) 
pastel::v() 
vendorl::v() 
vendor::f() 
calling B(pl1p) 
pastel::v() 
vendorl::v() 
vendor::f() 
delete mp 
~pastel () 
-Vvendor'i () 
~vendor () 


~mybase () 


UUUOUUU AOU BOUUUOUUUUUUU oU Uu Su UU EU UU U UI UU .LU 
JUIUUUUUUDUDD 

JUIUDUUUUDUUDUDUDUDUUUUUDUUDUUDUDUUUDDUDDUDUUUU 
JUIUNUIUDUUIDDOUUUUDUNUUUUDDD 


16.9 UL 


O c++0 UUUU OOPHHUOOUUUUUUUUUUUUE ooPH ü c+O 00" 00" 
UUUOUUE Smalek] Jl Uu Uu UU Uu UR uu Uu UI UU cU UU UU I Uu UI. LU 
JUIUUDUUUUDDUDDUUUDUUUUOUUUDUULU 

UUIUUUUUUUUU' UU'UUD MMUUUUUUDUUDUUUUUUUUUL 
UNUIUUUUUUUU UU'UUDUUDUUUUUUUUUUUUUuUUuuuUuu 
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UUIUUUUUUUUUUUUUUUUUUUUUDUUUDUDU Zack Urlocker[] O“ OU 
OOO goto] UU UI UI UU geeo UU I UU UU IU UI UU UU UU UU Ui Uu UDuu 
HOUUODOUUUU MO c0" UIUIU'UUNUUUDDUUUuUUDUNnuuUUDDuuuuno 
HUHUHUHUUUUUUUUUUUUUUUUUUUUUUU OceamY I UI U i Ui i iU 
UU Occam’ s Razor  []UUUUUUUUUUDU'UDUUDUUUUUUUUDUU 
JUIUUUOUUUDDUUUUDUODUUUUUUULU 


16.10 UU 





LUUUUUUUUUDUUUUU MIOOOOUOUOUOUUOD UO im IU UU i UI Uu UU 
U void] I Uu dU I UI fo) UU XUU XU UL YU ZOU YD ZU UU UU UI mth UI 
JUIUDUNUUUDUD YOUZUUUU ADI IU Uu U AU UI U UU i FfOn I UI UI. LU 
JUIUUUUUUUUUU 

2,HUUUUU XUUU pxQUUUU ADUUUUUUUUUUUUU pexUUUUUUO 
JUIUUIUUUUD AUUUUUDDUUUAUDADDUDUUU 

3. 0 UfOUUUUUUUUUUUUUUUU pxHUFfOUHUHUHUUUUUUUUUUUY 
JUIUUUUUUUDUUUDUUNUUUUUUUuUuU 
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Wi 0U 


HUHUOUUOUUUUUUUUUUUUUUUUUUUUO 
UU UOUOUUUUUOUUUUUUUUUUUUUUE UNUUUuunnuuouunu 
JUUUUUUUUDUUUDUUUDUUUDUUUDUUUUDUUNUUUDUNUDUU 
UOUOU pinto] UU UUUUUUuUngDUunuUuunuuuuUununuununuuunoD 
JUUUUUUUUDUUUDUUUDUUUDUUUDUUUDUUUDUUUDUU 
ODD 
CUUIDUUUUDUUUDDUUUUUDUUUUUDUUUUUDUDUUDUDUU 
JUIUuUununuDnuDnuunounoD 
JuUIUUuc—uUDnnuDuuUUuguDnunuDuguUuguDnnuuunnono 
>)DLUUUUUUUUUDUUDUUUUUUUUUDUUU OO” OOOO 
JUIUDUUUUDUUDUUDUDUDUUUUUUUDUUDUODUUDDUDUDDUDUUUU 
JUIUDUUUUUDUUUUUDDUUUUUDUULU 
2JUunDuUnUnUDuguuunuUUuguUunuunuuuuuUuuuuUunnnu 
JUIUDUUUDUDUDUUDDUUUDUDUDUUUUUUUUUUunuUWuoDuuunob 
JUIUUUUUUUDUUUDUUDDUUNDUDUDDONUUUDUUUUDUU 
JUIUUIUUUUUUcUUDDUUUDUUUUDUDUDUUCUIUUUUUUUDU 
UHUUUUCHOOUUUUUU YO wyll throw] cach] O00000 cU I UU Uu I I LU 


171 CUOUUUUL 


UOUUU 8UUUUU CUOU assert)JOUOUÖUOUÖUUÖUUOUD 800 assert( UO 
JUIUUUDDDUUNUUUUUUUUDUDUDUUUDUU fdefineNDEBUG I UU iL 
JUIUUUUUUDUDDDDUUDDDU assertC)[] allege00] 000 8UUUUUUUUUUOU 
OOOO OOOO 
UU UaleeeOl I IU UU UuUUUUIu Uu Uu UDUUUUUUUUUDUUUDUUUUuUuD 
UUUUUU 

JUUUDUUDUUUUUDUUDUDUUDUUUUUDUDUUUDUUDUUUU 
JUIUDUUOUUDUUUDUDUDUUUUUUUDUUDUDUUDDUUDDUDUUUU 
lUIUUUUUUDUDUDDUUDD 

JUIUDUUUOUDUUDUDUDUUUUUUDUUUUDUUDUUDUDUUUUUUUU 
JUIUUONUIUUUDDOUUUCcHIUUUUNUUDUUDDOUUUU 

>DLUUUUUUUUUUUDUUDUUDUDUOUUUUUUUUDUUUUUUuDnunu 
UUUOU COU U erno perro( DU OUOUUUUMWUUUUUUUUUUUUUUO 
JUIUDUODUUDUDUUDUDUDUUUUDUUUUDUDUUDUDUDUDDUDUUUU 
JUIUDUODUUDUDUUDUDUDUUUUDUUUDUDUUDDUDUDUDUUUU 
JUIUUUUUuUuuuuuunuwnu 
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ZYOUUUCUUUUUUUUUUUUUUUUUUUSG signhllOU UUUUUUUUUU 
lll li raiseol ll I Ul I Ul ui EI UI Ui PI i Uu l UU i Ui iu uu IIu Di Ui i Ui i I i UU I LU 
INUDDDUDUUUUUUDDUDUUUUUDDUDUDUUUUUDDDUDUUUUDDD 

3) 20 CUHUÖUUUUUUUODUD setjmp() 0 longjmp U setjmp JUUUUUL 
HOUOUUUUUUUUUUUUUUUUY longimpOll UU setjmp) DUO UI I Ui UI L 
IUUUUUUDDDDDUDUDUDUDDUDUUDUDUUL 

UIUlc—UUlUUlUDDDDUDDDDUUUDUDUDUUUDUUUDU cCIUUDnDHnDnDDnuUnD 
setjmp/longymp ll I II u HU UI U 3 Ui Uu iu Lu i ui i liuluuuuuunuuuwunu 
UIUuguuuuuuUuuUuUuUuuuUuUuUuUuuuuuunnnnnnnnnnnnDDHUUUDUUD 
ULUULÖUÖUUUUUUUUUUULD setymp/ongimpf U DO ODL 

//: NONLOCAL.CPP -- setjmp & longjmp 

#include <iostream.h> 





tinclude <setjmp.h> 


class rainbow { 

public: 
rainbow() { cout << "rainbow()" << endl; ) 
~rainbow() { cout << "~rainbow()" << endl; } 


); 
Jmp_buf kansas; 


void OZ (O { 
rainbow RB; 
for(int i = 0; i < 3; i++) 
cout << "there's no place like home\n"; 
longjmp(kansas, 47); 


} 


main() { 
if (setjmp (kansas) == 0) { 
cout << "tornado, witch, munchkins...\n"; 
OZ () ; | 
} else { 


cout << "Auntie Em! " 
<< "I had the strangest dream..." 
<< endl; | 


} 
| 


sejgmpOl Il Uu UU IIu Uu Uu UU Uu u UU IU Uu u Uu aU I Uu UU Ii i Uu UI. 
lUlNDLljmpbf IU UU Uu Ul uu UU UU Uu Uu Uu UU Uu uu uu iUUUuUuDnuuno 
jmp_buf[] [| longjmpOl] I OOOO segrpOD UI I i Il UU) segmpOl I Ui I i I Ui 
0 OOD longimpold I UU UU UU 3 Uu 43 UI I UU longimpod I UU UI ui Ti 43 Ui 
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000 jmp bt lll Uu Uu aU Uu UU UU UU UU U geeo OUUU 
UOUUUUUUUUS stmplongimpl] VUUUOUUUUUUUUUUUUUW 

O c++0 OU UU UlongmpOUd Il Uu a3 Il UUUuuUnunnDnunnmDununu 
JUIUUUUUUUUUUUUUNUUDC—UUDUUnu 


17.2 JOU 


JUIUDUUUUDUDUDUUUUDUUUUDUUDUUDUUDDUUDDUDUUULU 
JIUDUUUDUUDUUDUUUUDUUDUDUDUUUDUUUUUDUDUuUUuUuouunob 
JUIUUIUUUUDOUDUUDDOD 


throw myerror (“something bad happened"); 


myerrorl] WH i Uu UU u Uu 8BU UUUUDUUUUUunuUuunguuuunuuuunu 
JIUUUUUUUDUUDUUUDUDIIUUUUUUUUuuuUuuUununnnnuunno 
UOUU throwJHUHUUUUUUUUUUUUUUUUUY erewll DU U UI UL 
JUIUUUUUUUUUUUuUuUuuUuuUuuuUuuuunuuU throwWHOUUUUUUUUE 
JUIUUDUUOUUDUDUUDDUDUUUUDUUUUDUUDUUDDUDUDDDUDUUUU 
JUIUDUODUUDUDUUDDUDUUUUDUUUUDUODUUDUDUDUDUDUUUU 
0O OL 
JUIUDUUUUDDUDUUDUDUDUUUUUDUUDUDUDUDUUDUDUDUUUL 
JUUUUUDUUUDUUDDUUDUDUUDUUDDDIUIUUUUDUUUUDUDUUD 
JUIUDUUUDLIUUUUUUUUUODUUUUDUUUUUDUNUUDUUDIDUUUDULU 
JUIUUUUUUUUDnunuUunnnu 
JUIUDUUUUDDUUDUDUDUUUUUDUDUDUUDUUDDUDDUDUUUL 
JUUDUUDUUDUDUUDUDUDUUUUDUUUDUDUUUDDUDUDUDUUUU 
JUIUUUNUIUUUDDUONUUUUUDDUONUUUU 


17.3 DOO 


IUlUUUDUUUUUUUUUDDUUUUUUUUDUUUUUUUUUDUDUDUUUU 
JUUIUDUDUUUDUUDDUUDUUDDUUUUUDDUUU CHUUUUUUUO 
UOUUU 


17.3.1 try] 





JUIUDUUUDODUUDUUDUUDUDUDUUUUUUDUUDUUDUUUuDUUUuD 
JUIUUUUUDUUDUUDUDUUUDUUDDUDUUUUUUUUUDUDUUUUUUUD 
JUIUUDUUDDIUUDUUDUUUUUUDDUUUDUUDDUUDUUUDUUUUU 
O00000 tyl 


try { 
// code that may generate exceptions 


} 


I] OOOO —UU CHOU longmpO0OJOOÖUOUOUÖUOUÖUOUODUODUOU 
HOUUU 
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JUIUDUUUUDUUDUDUDUUUUUDUUDUUDUDUDUDUUDDUUDUUUU 
JIUUUUDUDUUDUUDUUDUDUUDUDUDUDUDUUUUUUUUUuDUuUunoD 
JUIUUUUDUDUUDUUDUUDUDUUDUDUDUDUUDUUUUUUUUuuuoDuuunoD 
JUIUUIUUUUDDUUUDDOD 


17.3.2 (UOOOIU 


JUIUDUOUUUDUUDUUUDUUUUUDUDUUODUDDUUDDUDUUUL 
OLOHOOGUOÖUÖHOUOOUOOUOOODOOL ty) OOOOOOOOOOOD catchy OU 


try { 
// code that may generate exceptions 
J catch (type1 id1) { 
// handle exceptions of typel 
} catch(type2 id2) { 
// handle exceptions of type2 


) 


// ete... 





UUU cat] ll UNIL UU UU Uu "LUI Uu UU Uu UU iu UU iU UI. UU 
JUIUUUUUUUDiaUi2]lUUUDIUuUuuuuUunuSPUuuPuSuuuonuouunoD 
JUIUUUuUnuDnuUuDunUnoDuguuguuguuuuuu 

JUIUUUUUUDUUDDUUUDUUUUUDUUDUUDUDUDDUUDUDUDUUUU 
JUIUDUUDUDUDUUDUUDUUDUDUUUUUDUDUDUUU caech I i U I UU 
JDUUD catchl] O O switch OUOUUUUUUUY case] O OOO break] I I I U I.D 
UUUUU 

JUIUDUUDUUDUUUDUDUDUUUUUDUUDUDUDUUDDUDDUDUUUL 
JuUIUUUD 

“HOUUUU 

JUIUDUUUUDUUUDUDUDUUUUUDUUUUUUDUUDUDUDUDUDUUUU 
JIUUDUUDOUOUUUUDUUDUUNUUUUUUDUU CH+UUUUUUOUUUUUO 
UIUUUUDUDUDUDUUDDUUDUDUDUUUDUUUUUDUUuuuounuuunob 
JUIUUUUUUUDUUDDUUUD 

JUIUDUUUUDUDUDUUUUUUUUUDUDUUDUUDDUUDDUDUUUU 
JUIUUUDUDUDUUUUDUDUUDDUDUUUUDUUUDUDUDUuUuoDuuunoD 
JUIUDUDUUUUDUDUUUUUOUUUUDUUUUUUUDU—C-UuUUUuUUUuno 
JUUUUUDUUDUUDDUUDUUUUDUUDUDUUUUUDUUDUDIUUUunD 
UUUOUU while] Dl Ul UL Uu UU UU UI UU Uin iu Pu iu ui DU 

JUIUUUDUDUUDUUDUDUUUDUUUUDUUDUUDUUDUDUDUDUUUU 
JUIUUUUDUDUDUUDUUDUDUUDDUDUUUUUUUUunUunuuuoDuuunoD 
JUIUUUUUDUUUUDUUUUUUUUUUUUUUUUUUUDUUUuDnnuuuu 
JUIUUUUDUDUDUUDUUDUUUDUDUDUUUUUUUUDUuUnuuuonuuunob 
JUIUDDUUDUUDUNUUUU 
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17.3.3 ODUUDUUUL 


JUIUUUDUDUDUUDUDUUUDUUUUDUUDUUDUDUDUUUDUUUL 
JIUDUUUDUUUDUUDDUUDDUDUUUUUUUUUDUUDUUUWDUUUD 
JUIUUUUUDUUUUDDUUUDDUUUDUUUC—UDDDDUDOUUNUUUUUU 
JIUDUUUDUUDUDDUDDUUDDUDUUUUUUUUUDUDUUUDUUUD 
JUIUUUUUUUDDUDUDUUUNUOUUDUUDUUUUUUUuU 

JUIUUUNUUDUUDUUDUUD rew DU» UU U Uu UD I Uu Uu U I i UU. throw] O 
JUUIUDUIUUUDUOUUUUUDUNUUUUDUUUU 


void f() throw ( toobig, toosmall, divzero)[] 


UOUUUUUU 

void f(); 
UOUUUUUUUUUUUUUU 

OUUU 

void f() throw (); 
UOUUUUUUUUUUUU 

UOUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOo 
UHOUUUUUUUUO 

1. unexpected( ) 

UOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOo 
OUOU LUL unexpected( [| 

2. set_unexpected( ) 

unexpected U ll I UI I I I Pui i i i I i i u u« i UU Ui i Uu Il Uu i i i I i I'L 
UÖUGHUUUUUUUUUUUULD set new handler0)[ O O set unexpected() 0] O OU 
set unexpected() JU UHUUUUUVUYUUUUUUUUUUU void] i I UI i I UI. 
unexpectedl] I I UI UUUUUUUUE unexpected DOUUUUUUUUUUUUUUUL 
UU UU set unexpected OO I UUUUUUUUU EXCepT AYU UUUUUUUUUUU 
HOUUUUUUUUUUU 


//: EXCEPT.CPP -- Basic exceptions 
// Exception specifications & unexpected () 
#include <except.h> 





#include <iostream.h> 
#include <stdlib.h> 
#include <string.h> 


class up (); 
class fit (); 
void g(); 


void f(int i) throw (up, fit) { 
switch (i) { | 
case 1: throw up(); 
case 2: throw fit(); 
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) 


g(); 


} 


// void g() {} // version 1 
void g() { throw 47; } // Version 2 
// (can throw built-in types) 


void my_unexpected() { 
cout << "unexpected exception thrown"; 
exit (1); 


} 


main() { 
set_unexpected (my_unexpected) ; 
// (ignores return value) 
for(int i = 1; i <=3; i++) 
try { 
f (i); 
} catch(up) { 
cout << "up caught" << endl; 
) catch(fit) { 
cout << "fit caught" << endl; 


) 
} 


JUIUUUUUUwebDfd]l UUUUUuUunnnuunuunuuoguuguuuuuu 
JUUDIOUUUUDDUOUOUUUDOUUUUUUUL 

(OHIOLOÖOUHUOUUUÖUUHUUOUUUOHOUODUOOUOOID op td OOUUUUUO 
UOÖOÖUUÖUUÖUUÖUUHUUHUOD sO versionIQ I UU FOR UU UL UU I UU. UU 
JUIUDDUUDDDDOUgO O versioni) UU OU sOLl version2[]] g()L] version2[] O O 
FOUUUHUUUUUUUUUUUUUUE sOUUUU fOUHUOHUUUUUUUUUO 
JUIUUfOIUUUUUUUUUDUDUUUUDUUUUDUUOLU 

my_unexpected( )l] ll UW UUUUUUUUU OOUDOUN unexpected( OU HUL 
UIUUUUDUDUUDUUDUUUDUUDUDUDUDUDUUUUUUUUUuDUuUuno 
JuUIDDDLDUU unexpected ll ii UU UU Uu Uu U&3U UU Uu UU Uu Uu UU I U D 
UOUHLUHUODUUUUUUUUUUUUUHUHOUÖUOUOÖHUDULD exit ÔL] abort 0 OU 
0 O unexpected IUNUUUUUUUUUUUUUUUUUUUUUY ünexcepted] O OO O DO 
O0 O OO unexcepted] WUUUUUUU 

O O new_handlerO)l] UHUUUUUUY unexpected O) I I uu Uu iu i Uu HU I I UI. 
UU U terminateO0] lU Uu UU Uu UU Uu Uu 3 Uu uu U3uUuUuuuuuuuuuuuuno 
JUIUDDDULDU unexpected ) ll Ui Uu Uu iu Uu DU UU UU UU Uu Ui UU Ui Ui. UU 
ODI 

OUOUHOUHUUUÖUUHUUUUHUOUODUOUUOUHUOOD fo DU UI UU UU LU 
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JUUIUUIUUUIDDOUUUUDDUUDUUDDDU for, while, do O iffl]ll ll Ul UU UI. LU 
JUIUUUUUDUDDUDDUNUUDOUUUUUUUUUUUUUUuDnunu 

UHUUUU f) UUUUUUUU up t JOHOOUÖOUOOUOUHUOUOUOUOUUOODOOUI 
F()UUUUUUUUUUUUUUUUUOY gOLl version2y O UU UU my_unexpected( ) 
JnIUDDUUDUUUDUDUDUUUUDUUUDULL 

0 O set_unexcepted OO Il UU Uu Uu Uu Ul UPUui' i BUUUUUDUUUUDUUD 
OUOOOOOD unexcepted OU O O 0O OL 


17.3.4 TOOUOUUU0U 


UDIDUUIUUIDUUUUDUUUUOUOUUUUDUUUUUDUUDUD 
void f ( ) [ 


JUIUDUIUUUDUUUUUDUUUUUOUUUUUUUUUUUUUDUUUUDDuuuu 
JUIUUIUUUUUUUUUDDOUDUUUUDUUUUUUUUUU 


void f() throw(...)[] // not in C++ 


JUIUDUUUUDDUDUDUUUDUUUUUDUUDUUDUUDDUUUDUDUUUL 
JIUUUUUDUUUDUU—UUUUDUDUDUDUUUUUUunuUuUuuuuunoD 
JUUUUUUDUUUDUDUUUUUDUUUUUUUDUUUUIUUUDnuUuuunu 
JUIUUIUUUUDUUUUUDUNUUUUUDUUL 

void f()D 


UUUUUUUUUDUUUDUUUDUUUDUUUDUUUDUUUDUUUDUU 
UU 





17.3.5 TOAD 


JUIUDUUDUUDDUUUDUDUDUUUUUDUDUUDUDUUUDUDUDUDUDUUULU 
JUIUUIUUUUUDUUDUUDUUUUUUUUUDUDDUUUUUUDUUDUuUUuuwnu 
laO] JOUÖUUHUDU 


catch (...) ( 
cout << "an exception was thrown" <<endl; 
} 
IUlnluluUluunuulnuuuuuunnuunnuunnuuuunnuumnunu 
IUUnnuuuuuuunnuuuuuuunnuuuuuuuunnuunuuunu 
UOULUÖUUOUUUUOUUUU 


17.36 HOUUUUU 


HOUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOo 
UOUHUUUUUUUUUUUUUUUUUUYS throwQUUU0U 
catch (...) { 
cout << "an exception was thrown "<<endl; 
throw; 
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OOOO catch] i Il lil Uu Uu Ul Uu Uu Uu Uu Uu Uu UU UU Uu UI Uu Ui .LU 
JUIUDUUUDUUDUUDUUUDUDUDUUUDUUUUUUUUDUUUuUuuuno 
UU 


17.3.7 IUUUDUD 


HOHUUUUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUd 
HOUUUOUUUUUUUUUUUUUUUUUUUUUUUUUUWUUUUUoUoUoo 
INNHDUDDDDUDUUUHDUNHDUDDUUUUUDUDNHDUUDDUDDDUUUUUNHDUDUL 
0000 

HOUUUUUUUUUUUUUUUUUUUUUUUUUUOUUUU 0 000 
O UUuuUuuUuuUuuuuUuuUuUuUuuUuuuUuUUUuuUuuUUUUUuUUUUUUUUUUUUDUD 
UIngugngugunuguguuuuuuuuuUuUuununnnnnnnunuun 

1. terminate( ) 

UOULOUÖUOUUUUUUULI terminate UO I I EI EI OU unexception( ) UU 
HOOUOUOUUUOUUUUUUUUUUUUUU CUHUUUUUUUUUUUUY abortOOuU 
UU abort) UO I I I iu Fi iu li i I Yi Uu ln i i i Ui i i Il ui uii ui uii ui uu i i i i I Ui I'L 
HOOUUUUUUUW 

HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUo 
HOUOUUUUUUUUUUUUUUUUUUUUUE manQuUooUUUUUUUUUUO 
UOULUUUUUUUUUUUUUUUUUUUUOUUOUOUOUOUOUOUUOUUI Catch. )Ll 
HOHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUUUoo 
HOUOUUUUUOOD 

2. set_terminate( ) 

ToOOOU OOO oO OU L set. terminate( | OO OUUU UU) terminate( )[] set terminate( ) 
HOUOUUU terminate OQ ll I Il Ii Ii Il Yi iu uu Uu BU I Ii ui i i i i uu Di Ii Ii Il Il I. 
UU terminate OHO Il I Ui Il I Ui Il I i Il I II veialÌ Il I i I Ti i I i I i Ii I. 
terminate JU UU i I Ii ui Yi I i I Ui Uu Ui i Il Ii ui I i i i i Ui i Ii ui ui i i i il iL 
[ terminate UO I I I I I I UI I I I I LU 

O EI OU L] unexpecced()[] O UU U terminate) JJ I I UUUUU 

HOUUUUUOUOUU L set_terminate()] O UUUU set. terminate) ll I I UI I I. LL 
UU terminate) JJ I I i i Ui Ui 3i 3i uu uu liu Ui ui ui ui ui ui uii ui Yi i I I I EI E1. EF]. «erminate( 
NhluUuuuuuunnnnnunuDnDnnnnnn 


//: TRMNATOR.CPP -- Use of set terminate () 
// Also shows uncaught exceptions 





tinclude <except.h> 
#include <iostream.h> 
tinclude <stdlib.h> 


void terminator() ( 
cout << "I'll be back!" << endil; 
abort(); | 


) 
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void (*old terminate) () 
= set_terminate(terminator); 


class botch { 
public: 
class fruit (); 
void f() ( 
cout << "botch::f£()" << endl; 
throw fruit(); 
a 
~botch() { throw 'c'; } 


); 


main() { 
try{ 
botch b; 
b.f(); 
) catch(...) ( 
cout << "inside catch(...)" << endl; 


} 
) 


old_terminatelllÌ ll UU UUul LUI Uu UU IIu UU uu &U I Uu Uu Uu Uu Uu UU UI. 
old terminatel] I] UUUUUUUH set. terminate) ] lU UU UI Ul Uu Bui I iu UI LU 
JUIUUUUUUUUUUUUDUDUDUUDUDDUUNODUUNUUUUUUU 

U botch I I U FOB UU IU UU Ul Uu Uu 3 Uu «UU UL iu aU Uu I i I UI. 
OUOOGHOHÖUOHULD terminate I I Uu U«3 UU I U Uu UU UU LU); caech. A LI UI U UI I.D 
JUIUUIUUUUDUUDDDUDUOUU terminate) I UU 3 UU Uu UU Uu UI UI. 
JUIUUUUUDDDUUUDUUDUDUUvboechl I IU 33 Uu U3 Uu DU Uu UI Uu iu UU ui iu ui UU u 
terminate OQ I UU IU UU iU UU UU UL u «Uu U3U UI UU Ui Uu UU UI UI. 


17.4 UL 


UOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
HOUUUUUUUUUUUUUUUUUUUUU CHU U000U0UUUUUUUUUUUU 
IUUUUUUDDDDDUDUDUUUUUUUUUUUUDDDDDUUUUDUUNU 

UUuguguguguuuuuguuuuuuuuuuuuuuuuuuguuuuuuuuun 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUY $ unexpected()UUUU 
HOUUUUUUUUUUUUUU 

//: CLEANUP.CPP -- Exceptions clean up objects 

#include <fstream.h> 

#include <except.h> 

#include <string.h> 


ofstream out("cleanup.out"); 


ŵ 
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class noisy { 
static int i; 
int objnum; 
enum { sz = 40 }; 
char name[sz] ; 
public: 
noisy (const char* nm="array elem") throw(int) { 
objnum = i++; 
memset (name, 0, 82); 
strncpy (name, nm, sz - 1); | 
out << "constructing noisy " << objnum 
<< " name [" << name << "]" << endl; 
if(objnum -- 5) throw int(5); 
// Not in exception specification: 
if(*nm == 'z') throw char('z'); | 
) 
-noisy() { 
out << "destructing noisy " << objnum 
<< " name [" << name << "]" << endl; 
) | 
void* operator new[] (size t sz) ( 
out << "noisy::new[]" << endl; 
return ::new char[sz]; 
) 
void operator delete[] (void* p) ( 
out << "'noisy::delete[]" << endl; 
::delete []p; 
) 
); 


int noisy::i = 0; 


void unexpected rethrow() { 
out << "inside unexpected rethrow()" << endl; 
throw; // Rethrow same exception | 
) 
main() ( 
set unexpected(unexpected rethrow) ; 
try { 
noisy n1("before array"); 
// Throws exception: 
noisy* array - new noisy[7]; 
noisy n2("after array"); 
) catch(int i) ( 
out << "caught " << i << endl; 
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out << "testing unexpected:" << endl; 
try | | 
noisy n3("before unexpected") ; 
noisy n4("z"); 


noisy n5("after unexpected") ; 


—— 


catch (char c) { 

out << "caught " << c << endl; 
) 

}. 


U noisy} ll I i U UI Uu iu Uu Ui Uu u BU i I UI I i iJ. noisyJUUUUUUUU1 
UULUUUUÖUUOUUUUOOL objinuenl I I UUUUUUUUUUUUUYE namel U 
IUuuuuuuuuununuuuuuuuunuuuuuuuuuuuugumununnnouno 
IUuuuunuuuuunnuuuuuuuunuuuuuunuuuuuuuuuuutuno 
ICcHIDnnunutusencpyOll lU uluuuuuunnnnuuuuuunuuuuuunnoun 
IUUnnnuunuuuuunnuuuuuuunnuuuuuuunnnuuumnuuuno 
UUUnlnnuumunuunnn 

IUUunnnuuuuuunnuuuuuuunnuuuuuuuunnuuuuunu 
IUUuuuuuuuuuuuuuuuuuuuuunnnmnnunDUDDDUDDDDUDUD 
IUUnnDuuunuuuunnuuuuuuunnuuuuuuunnnuuunuuuno 
HUUOUUUU* z'UUuUuuuuUuuuuuuUuuuunuuuuunuUunuunuuuu 
UU UU unexpected( UU U 

UU new [J delete) I I Il Ui UU UI UI UI Ui i i i I Ii u I. 

O U unexpected_rethrow() [I I Ui Il UI Uu I i UU iu Uu Uu. UI Uu I i i I |. main CJ 
OUUU unexpected O) I I i Ul UI UI Fi U I UI Il Ui i Ui LI neisy I I I I UI I i i. 
IUlnluuuununununumnueUlululnunuunuuuunnuuununuwunD 

constructing noisy 0 name [before array] 

noisy: :new[] 

constructing noisy 1 name [array elem] 

constructing noisy 2 name [array elem] 

constructing noisy 3 name [array elem] 

constructing noisy 4 name [array elem] 

constructing noisy 5 name [array elem] 

destructing noisy 4 name [array elem] 

destructing noisy 3 name [array elem] 

destructing noisy 2 name [array elem] 

destructing noisy 1 name [array elem] 

noisy: :delete[] 

destructing noisy 0 name [before array] 

caught 5 

testing unexpected: 

constructing noisy 6 name [before unexpected] 

constructing noisy 7 name [z] 

inside unexpected rethrow() 

destructing noisy 6 name [before unexpected] 
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caught z 


JUIUDUUUUDUDUUDUDUDUUUUUDUUDUUUUDUUDDUDUDUDUUUU 
JUUIUUUUUUDUUUUDUUUUUUDDUU 1-40 00000000L 

01000 new HLUÖUOUOCÖUUUOUOUUUUOUOUUUUOUOUOUUUOUOUOUUUODUOU 
UUUOUUUY deleted l UI Ui Uu UU Uu Uu Uu I UI UU deleted VUUUUUOUUUUO 
JumIUUUnewll UU UU UU I UI Ui U3UI Uu UU Ui PI UU Uu Uu UU U I UI. UU 
UOUUU delete} I Ul Uu UL uu UU Ii ui uu ui ul Uu UU UI. LU 

JnUUeilUUlUUUUUr2UlUUuUuUuunnununuDuununo 

UU DU UL) unexpected rethrowO)l] UHUUUUU e3 3 UI Uu UN 0 e4 UU UI U UI LU 
JIUUUUDUDUUUUUUDUDUUDUDUDUDUUDUUUDUUUUUUuDUuUuno 
UUUUUOUUUY unexpecion 0O OUUUUUUUUU O unexpected_rethrow( OMO O O L 
[] unexpected_rethrow( JJ WU UUUUUUUUUUUUUUUUUUUUUUUUUOO 
JUIUDUUUUe4 UU Ul Uu Uu Uu Uu Uu Uu Uu Uu uu BU Uu Uu iu Bu i ui nu uu 
HOUUUU BYOUUUUUUUUU O unexpected rethrowO)l] I I I I Uu U3UI UU I Ui L 
JIUUUUDUDUDUUUUDUDUDUUDUDUUUUUUUUUDUuguUuguuoDuwuunoD 
JUIUUUUDUUUDUUDUUU 


17.5 UUULUL 


UUDUUUUUUUUUUDUuDuU UUUUUUDUUUUUUuuuunuUu'mu 
JUIUUUUDUDUDUUDUUDDUUDUDUDUUUUUUUUunUunuuuonnuuunoD 
JUIUUIUUUDUUUUUDUUUUDUUDUUDUUUDUUUUUUUUUUDuuuu 
JUIUUUDUUDUUDUDDUNOUUUUUUU 

JUIUDUOUOUUDUDUDUUUDUUUUUDUDUDUUDUDUDDUUUDUDUUUL 
JUIUUUDUUUUDUDUUUUOUOUUUUUUUUUuUuuDnnuDuununo 


//: NUDEP.CPP -- Naked pointers | 
#include <fstream.h> 

finclude <stdlib.h> 

ofstream out ("nudep.out") ; 





class bonk { 

public: 

bonk() { out << "bonk()" << endl; } 
~bonk() { out << "-bonk()" << endl; } 
}; | 


class og ( 
public: 
void* operator new(size t sz) { 
out << "allocating an og" << endl; 
throw int (47); 
return 0; 
} 
void operator delete(void* p) { 
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out << "deallocating an og" << endl; 
::delete p; 
} 
}; 


class useResources { 
bonk* bp; 
og* op; 
public: 
useResources(int count = 1) ( 
out << "useResources()" << endl; 
bp - new bonk[count]; 
Op - new og; 
} 


~useResources() { 


out << "~useResources()" << endl; 
delete []bp; // Array delete 
delete op; 
) 
bi 
main() { 
try { 


useResources ur(3); 
} catch(int) { 
out << "inside handler" << endl; 
} 
Ji 
HOU 
useResources () 
bonk () 
bonk () 
bonk () 
allocating an og 
inside handler 


UU UU useResources] VUUUUUUUU em I UI Uu UU i iu UU iU LU 
UOUUUUUY og::operator new] ll Uu Uu Uu UU Uu Uu Uu iU LU Ii DLD 
JUIUUDUDUDDDUDDODUDDOUD useResourest] I Ul UI UU Uu UU Uu IIi UL 
UUUUU useResouresll I Ul UN Uu UU iu UU iU Uu UU iUuUuDnuuno 
HU bonki I UU UU I Uu L 


0O OL 


UUIUUUUUUUUUUDUUUUUUDUUUUUDUUUUUUUuUu 0O00” 
JUIUUIUUUUUUUDDUODUUUUDUUDUUUUDUUDUUUUUUDDDUUUU 
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JIUUUUDUUUUDUDDUUNUUNUUOUOUUDUDUUUUUUUu 


//: WRAPPED.CPP -- Safe, atomic pointers 
tinclude <fstream.h> 

tinclude <stdlib.h> 

ofstream out ("wrapped.out") ; 


// Simplified. Yours may have other arguments. 
template<class T, int sz = l> class pwrap ( 

' T* ptr; 

public: 

class rangeError (); // Exception class 

pwrap() ( 
ptr = new T[sz]; | 
out << "pwrap constructor" << endl; 

) 

-pwrap () { 
delete []ptr; 
out << "pwrap destructor" << endl; 

; 

Tä operator[] (int i) throw(rangeError) { 
if (i >= O & i < sz) return ptr[i]; 
throw rangeError () ; 

) 

); 


class bonk ( 

public: 
bonk() ( out << "bonk()" << endl; ) 
~bonk() ( out << "-bonk()" << endl; } 
void g() () 

); 


class og { 
public: 
void* operator new[] (size t sz) ( 
out << "allocating an og" << endl; 
throw int (47); | 
return 0; 
} 
void operator delete[] (void* p) { 
out << "deallocating an og" << endl; 
::delete p; 
) 
); 


class useResources ( 
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pwrap<bonk, 3> Bonk; 
pwrap<og> Og; 
public: | 
useResources() : Bonk(), Og() ( 
out << "useResources()" << endl; 
) 
-useResources() { 
out << "~useResources()" << endl; 
) 
void f() ( Bonk[1].g(); } 
); 


main() ( 
try ( 
useResources ur; 
catch(int) ( 
out << "inside handler" << endl; 


wyf 


tt 


catch(...) { 
out << "inside catch(...)" << endl; 


) 
} 


UOHÖÖUUUUOUUUUUOUUUUOUUUOUOUUOUOUUUUOUUUOUUUU 
useResources[|] TU UOUUUUUUUUVUUUUUUUUUUUUUUUUUUUUUUO 
JUIUUUUUDDDUUD 

O00 pwrapd lU UI Uu ini du CU Uu I U i iU. operatori II UU i I Uu I I.L 
U LI I UU rangeError [] operatori O O O operator[l] LI I LUI I I I OL O 0O oL 
JIDNUUDunuUuuDuuUuuunuUu”DuUuuPunuuuunuunuuunnuununu 
JUIDUDUD rangeerorl] HUOUUHUUUUUUUUUUUUUUUUUUUUUUOO 
JUIUUUUUuDnunuDnuunonno 

UOUUUUU 


bonk () 

bonk () 

bonk () 

pwrap constructor 
allocating an og 
~bonk () 

~bonk () 

~bonk () 

pwrap destructor 
inside handler 


logell lU iil Uu TU U 3 UI Ui UU bee] UU UU UI UI Uu Uu uUUuuu 
0O OL 
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UUIUUUUUuuUuUUuuUuUDUUuDuUuUnuuUuDuuUuuuuUuUuuUu'uu'uUuuouL 
JUIUUUDUUDDUDUUUUUU 

JIUUDUUUDUUDDUDDUUUUUUUUDUUDUUDUUDUDUUUUUUUu 
JIUUUUUDUDUDUUDUUDUUUDUUDUDUUUUUUUUDUUDUUUuDUuUDD 
Un” UU'UUUUUUUUDuUuUUuuUUuuuUUuuuUUuuuUucuuUuUDuUUUDuuUuuno 
JUIUUDUUUDUDUUDUUDDUDUDUDUUUUUUUUDuDUUuuoDuunouno 
JUIUUIUUUDUUUDUU 


//: AUTOEXCP.CPP -- No matching conversions 
#include <iostream.h> 





class exceptl (); 

class except2 { 

public: 
except2(exceptl&) () 


i 
void f() ( throw except1(); ) 


main() ( 
try { £(); 
} catch (except2) { | 
cout << "inside catch(except2)" << endl; 
) catch (except1) ( | | 
cout << "inside catch(exceptl)" << endl; 
) 
) 


UULUUUUUUUUUUUUUUUUUUUUUUUD exceptii UUUU except2 
UOULUÖUUUUUUOUUUUUUUUUUUUOUUUUODULD exceptii O00 

UOULUUOUÖUUOUUUUOUUUOUOUOUOUOUUUI 

//: BASEXCPT.CPP -- Exception ‘hierarchies 


#include <iostream.h> 


class X | 

public: 
class trouble (); 
class small : public trouble (); . 
class big : public trouble (); 
void £() ( throw big(); ) 


); 


main () ( 
X X; 
try { 
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x.f(); 
} catch(X::trouble) ( 
cout << "caught trouble" << endl; 





// Hidden by previous handler: 
catch(X::small) { 

cout << "caught small trouble" << endl; 
catch(X::big) { | | 

cout << "caught big trouble" << endl; 


) 


JUIUDUDUUOUUUUDDDDONUDUUUU trovblel] OU YU trouble] O 000 
JIUDUUUDUUDUUDUUDDUUDDUDUUUUUUUUUDUDUUUDUUUD 
JIUDUUUDUUDUDUUDDUUDDUDUUUUUUUUUDUUDUuUUuDUUuno 
JUIUUUUDUDUUDOLU 

0000D small] bigh O O O trouble I Ui UU Uu UU UU UU UU UUN Ui Uu I Uu LU 
DUUUDUUUUU' UU”"UUUuUuUuUuuuUUuuUuuUUuuuUuuUuuUuuUDuUDuuunu 
JUIUDUUUOUUUUDUUDDUDUUDUDUUUUUUDUUUUUUUuDUDUDUD 
JUIUUUOUUUDUUULU 


17.7 Toe 


Jnc—UIuUlUuunluuUunuunnuusunusnnnuuuuounuuguuuununu 
JIUUUUDUDUUDUUDUUUUDUUDDUDUUUUDUUUUUDUDUUuUDUUuuunob 
UUUOUUUUUUUUUUO 


wey et 


_ exception UU EHO wht UU 
logic. erro DU exception] 0000 00000000000000000000000000 
runtime. error DU exception) 00000000000000000000000000000 

DD 


VO[] Ll [I U ios::failure[] [] exception] TU OU OUUUUUUUUUU 
HOUUOUOUUUUUOUUUUUUUUUUUUUUUUUUUUOUUUUUoUoUo 
HOU 


O logic error] O UU U 


domain_error OHOOUOOUdUOO 

invalid_argument UUIUnunuuuuoDu 

length_error HOUUUOUUOU NPOSOUUUUUUUU NPOSOU UG szetlllllUDUUD 
out_of_range OHUD 

bad cast HOUUUUUUUUUUUUY dynamic cast] VOUUU 1800 

bad typeid UOOUOU0UY typeid*pOUOUUUUU POUUUOUUUUOUUOUOSO 1800 


[ runtime_error]] 0 O OD 
range_error UOUUUUODUOUU 
overflow_error 10000UO0U 
bad. alloc HOUOUOUUOUOUO 
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17.8 TUÖHUOUUUHU 


JUIUUUDUUUDU CUHUYUOUUUUUOUUUUUUUUUUUUUUUUUUo 
JUIUDIUOUUUUDUUDUUUUUDUUUU 


17.8.1 UUUUUU 


JUIUDUUUUDUDUUDDUDUUUUUDUDUDUUUUDDUDUDUDUUUL 
JUIUNUUUuUnnUDUuuUuunnoDuuuubob 

10004 

UU CU signao] lU iu iu UUN iu nui ui Uu Uu UU U Uu UU i ui LU 
JIUUUUDUDUDUUDUUUUDUUDUDUUDUUUUDUUUUDUuHnuuuoDuuunob 
JIUUUUDUDUDUUUUDDUUDUDUDUUUUDUUUUuDnUuHnuguuoDuuunoD 
JUIUUUUDUDUUUDUUDUUDUNODDOUOUUUUUUUDUDULEU 

JUIUUUUDUDUUDDUDUDUUUDUUUUDUUDUUDUDUDUUDUDUUUU 
JUIUUOUUUDODUUUUDUUUUUDUNUUUDUUUUDDD 

2zUUUUUuu 

JUIUUUDUDUUDUUUDDUUUDUUUUDUUDUUDUUDDDUUDUDUUUL 
JUIUUUUUUUUUUUDUDUDDUUUUUDUDDDU CH+UUUUUUUUUUUO 
UUUUUU' 'UUUU'DUUUIUUU' UU”UUUUUUUUUDUUUUUUUU 
UUUOUUCHUOUUUUUUUUUUUUUUUUUUUUUUUUUUOO 

3.10 0 

UOÖHOUHLOUUOUUÖUUÖUOUUOUHUOUHUOHUOULND switchi DU li Uu UU UL 
JUIUDUUDUUUDUUDDUUUDUDUDUDUDUUUUUUUUUDuUuUuuuuunoD 
JIUDUUUUUODUUDUDUUDUUDUDUDUUUUUUUUDnUuUUuunuuunob 
JUIUDIUOUUUUDUUUUUDDUUUUUDUUUUUDUUDUUUUUDUULU 

4U0lnuUuuuuUu 

JUIUDUUUUDUUUDUDUDUUUUUDUDUUDUUDUUDUDUDUDUDUUULU 
JIUDUUDUUUUDUUDUUUDUDUDUDUDUUUUUUUUDUuUUuUuuuunob 
UU asserOl ll U UI I i I aber O Uu 3 UU UU Uu UU Uu Uu UU Ui Uu Uu uu uu UI UU 
JIUUUUDUDUDUDUUDUUDDUUDUDUDUDUDUUUUUUUUUuDUuUuno 
UOUUUU 

S-UOUUUUU 

JUIUDUUUUDUUDUUDUDUUUUUDUDUUDUDUDDUDUUDDUUDUUULU 
JIUUUUDUDUUUUDUUDDUUDUDUDUDUDUUUUUUUUUuuDuuunoD 
JUUUUUDUUDDUUDDUUDUNUUDUUDUU teyVUUUUUUUUUUO 
catch JUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
JUIUUUUUUUUUDUDUUDUUDUDDUUUD 

JUIUIUNnUTDUUDUUDUUDUDeUlnlUlulDunluluDuunHuuDuunuun 
HUUUUOUUUUUUY 

JUIUDUUUUDUUUDUDUDUUUUDUUDUDUDUUUDUDUDUDUDUUUL 
JUIUUUUDUDUDD 
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17.82 TOUUUUU 





UUUOUUO 

>DLIUUUUUUDDOUUUUUUNUUUUDUUUU 

2UUuuUDnnUuuUuuDnuuuDuuu 

>UUNUIUUDUUUUUDUUUUDUUUDUUU 

2UunUnuUuunnguunnnuUnuUunDnuuUuunnDuuwuu 

»UUUUDUUUIUUDDUUUUDUUUUDUUUUUDDDUUUU 

ouuu 

NUHOUÖUUUUOUHUOUUOUHNOUONUU COUUUWUUUUUUUUUO 

SUUHUUOHUUUUUUUUUUUUUUUUUUUUUUUUO 

SUNUIUUDUUUUDUUUUDUUUUDUUUDUUUDUUUDUUUUUUDDUUU 
ANNA 

LQUOQUOUUUUY 

JUIUDUUUUDUUDUUUDUUUUUDUDUUDUUDDUUUDUDUDUUUU 
JUIUDUDUUUUDUDUUUUD 

JUIUDUUUUDDUUDUUUUDUUUUUDUUDUDUUDDUUUDUDUUULU 
IUIUUUUDUDUUDUUDUUUUDUUDDUDUUUUDUUUUUUUuUuuuuuunob 
OLOOGOUÖHOUOUOÖUOOUOOOOOODD uexpectOl I LI UL uu HU Ii Uu HU I i uu I ui. 
UOLÖHOUHUUÖUOUHOUUUOUOUOODULD unexpeced Ol] Il I UI UL uu Uu i I i iL 
HUUOUUUUO 

2.0HUUU0UUUU 

JUIUUUUUUUUUUUDDDC—UUUDIUUDUDUDUUDUUDDUUDUU 
JUIUUUUDDDDUDD 

JUIUUUOUUUUDUUUUUUUUDUODNUUUUDDDUULUOU expection|] O O L 
UOUUUUG expecionl] I LI UI Uh i Ul whatOUOHUUUUUUUUUUUUUUUO 

3. JOHOUOUOOUOUU 

JUIUDUODUOUUUUUDUDUUUUUUDUDODUUUUDUUDUDUUUUUUDUL 
JUIUUUUDnun—UUU UU iUuUuDnnDuuUuUuguDnoDuuuuUDuuwuu 

4. 0UU0U0U 

JUIUDUUUUUUDUUDDDUUUUUUDUODUUDUUDUUDUDDUUUUUUUL 
JIUDUUUUDUDUUDUDUDUUUUUUUDUDUODUUDDUUDDUDUUUU 
JUIUDUOUDUUDUDUUDUDUDUUUUUUUDUDUOUUDDUUDDUDUUUU 
JUIUUUUUUUUUnnuuunDuguuguuguue——U. ulUDUUUUUUDUDU 

JnUUumc—uUUluUUu DU Uu Uu UUuUuuuuUnuUuunuUnuuuunnonob 

5-UUUU 

JUIUUUOUUUSODUUUDUUUDUDUDUUDUUDUUDDUUDUDUUUUUUUU 
UIUDUUUDUUDUDUUDUDUUUDDUDUUUUUUUUUUunuUuuonuuunob 
JUIUUIUUUUDOUUUUDUUUUUUDDUUUUUDUDUUDDUD 

cU UIU'Uun'u”UuUuL 

UUIUUUUUUUUUUUDUUDUUUUUUUUUUDUUUUDUUUU'DU'u 
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JUIUUUUDUUDUUUDUUDUDUUDDUDUDUDUUUDUUUUUUuDUuUuunob 
UIUUnuUuuUuuUUnuuUuuUuuuUuuUuuUDuUuuUUuuUUuuDuuUDuuu'uu'u 
UMUUUUUUUO 


//: CATCHREF.CPP -- Why catch by reference? 


#include <iostream.h> 





class base { 
public: 
virtual void what() { 
cout << "base" << endl; 
) 
); 


class derived : public base ( 
public: 
void what() ( 
cout << "derived" << endl; 
} 
); 


void f() ( throw derived(); ) 


main() ( 
try ( 
f(); 
} catch (base b) | 
b.what () ; 
} 
try { 
£0; 
) catch(base& b) { 
b.what(); 
) 
) 


UU 


base 
derived 


UUUOUOUUUUN uHUDUDUDUDUU basell WUUUUUOUUUUUUUUUO 
JumUUUbaselÌ lll liu UU iu i lUuDUuUunnuUuuunununuUunuumnno 


JUIUUDUUUUDUDDOUNUUUUUUUUUu 
JUIUUUDUUDUUDUDUDUDUUUUUUUUDUU—-UuDUDnuUuUunuuuno 
JUUUUUUUUDUUUUDUUUDUUUDUDUDUUUDUUDUUDUUDUUUDU 


JUIUUUUDUUDUDUUUNUUUUUDUUU 
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7OUUUUUUUUO 
JUIUUIUUUDUUUUUDUUUUDOUUUUUUUUUDUUDUUUDUUU 
>LUUIUUUUUDUUUUDDUUUUU 
YUUUUUUUUUUUUUUUUUUUUUUO 
JUIUUDUUDUDUUDUUCHIUUDUNUDUUUUUUDUDUUDUUUDUUUD 
JUIUUIUUUUUCHIUUUDDUUUUDC—UUUUUDODUUDUDUUDDUUDUDU 
JIUUUUDUDUUUDUUUDUUDDUDUUDUDUUUUUUDUuuUuuuuouunoD 
JUIUUIUUUDUUUUUDUUUUUDUUUUDUUUUUDUUDUUUUDUUuUuUuu 
sUIUIUIuumuunuunno 
JUIUUUUUDUUUDUDDDUUUUUONUUUDUUUUUUUuUuDnguDnunnunuuno 
JIUUUUUDUUDUDUUUDUUDDUDUDUDUUUUUDUDUUUUuouUuno 
UOUUHOUHUUÖUUHUOUUUUUHUUUUUUOUOHULD terminateQU O 0O D 
JUIUUUUDUUDUUDUUDDUUUDUUUUDUUDUUDUDUUDDUDUDUUUL 
JUIUDUONUUUUDDeUDUlUDUIODUl lu UU d3Uu UU i ui ul GAU i iu u aduuunno 
UUUOUUUUO 
9 Ul lllUUU 
000 17.5.10 0 0 WRAPPED.CPPY] TWUHOUUUUUUUUUUUUUUUUUUO 
JIUUDUUUDUUUUDUUDUUUUDDUDUUUUUUUUUUunuuuoDuuunob 
JUIUUUUUDUU 


17.9 YU 


JUIUDUUUUDUUDUDUDUUUUUDUUDUUDUUDUUUDDUDUUUU 
JIUUUUUDUUDUDUUUDUUDUDUDUUUDUUUUUUDUuUDUUuuUunoD 
JUUIUDUUUUUUDDDUUDUUDUUUDUUDUDUUDUUDUUUUUDUUDUU 
IUIUUUUUDUUDUDUUUDUUDDUDUUUDUUUUUUunuUDUuuuuunoD 
JUIUUUDUUUUDUDUUUUOUUUUUUUUUDUUUUUUUUDnuDuUuUouno 

JUIUUUUUUUDUDDDUUNUODUOUUDUDUUUUU 

10000000°0000° UUUUUUUUUUUUUUUUUUUUUUUL 
JUIUUUUUDUUDUDUUUDUUDDUDUUUUDUUUUUUunuuUuuuuunoD 
ANNA 


17.10 OU 


JUIUUUUUNUUUUUUUUUUUUUUUUU C+OUUUUUUUUUUUO 
JUIUUIUUUUDUUUUUDUUDUUUUUDUUUUUDUUUUDDUUUUU 

cuUlUlnluuluuuUununuUunuuunuUuunuognuuuluuuunuDnunu 
JUIUUUUUUUUUUUDUUUDDDDUUUUDODOUUUOUUDUUDUUUUU 

JUIUUUUDUDUUDUUUDDUUUUUUUUDUUDUDUDUDUUUDUUUu 
JUIUUUUUDDUD 


17.11 DL 
>)UUIUDUUDUUUUDDUUUUUUDUUUUUDUODUUUUUDUUUUUUUU 
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HOOUUUUUUO chall i Il Ii I Uu Ii lu l Uu hi iu i Ui I Y Uu hi I iu uu Pu Ilu uu I I'L 
IDUDHuuUnnuuuunnumuunnueli iuuuunnnnnnuuuuwuwu 
HOUOUUUUUUUUUOUUOD 
2) O U O 121 0 U stash[] [| L| [] operator[][] [] out-of-range[] [] U 
AIOUUUUUU mano VUUUUUUUUUUUUUUO 
4,OUUUUUUUUUU newW7OUUUUUUU do FI Fd I I I I HI I I I I I. LU 
I DIUUU'UUUUDUDUUDUUUUDUUUUDUNUUDUDUUUDUUUD wyl 
HOUUUUUUUUUY cachi I I I I Y I Ui Ui Ii Ii i i] while] II iU I LI I'L 
HOUUUUUUOOD 
SJOHUUOUOUUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU 
HOHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU YE terminate) O 
HOU 
HNUUUUUUUUUUUUUUOUUUUUUUUUUUUOUUOD 
NMOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU0$ 
HOUOUUUUU 
SOUUUWUUUYUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOUO 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUUUoo 
HUUUUOUUUUUUUUUUWUUUUUUUUUUUUUUUUUUUUoUooo 
HOU 
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O 180 OUUUÖUUU 


HOO OULU Run-time type identification, RTTI]] UU OUOUUOUUUUUUUUUUU 
HOOHUUUUUUUUUUUUO 

HOOUUUU C++UOUUUUUUUUUUUUUUUUUUUUUUUUUUUoUoo 
HOUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
HOUUUUUUUUUUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoo 
HOHOOUUEUUEUUUUUUUUUUUUUUUUUUU CHUUUUUUUUUUUE 
HOHUUUUUUUUUUUUUUUUUUUUUUUUUUUd 

HOUOUURTTUUUUUUUUUUUUUUUUUUUUUUU CHOUUUUUUO 
HOUOUOU RTTIO ODU 


18.1 [] [] ——shape 


HOUUUUUUUUUUUUUUUUUUYE shaped OU UUUUU UO circle[] square 
[] triangle[] 

UOUULUUUUUUUUUUUUUUUUUUUUUOUOUOUOUUOUOUOUOUOUOUOUUUU 
UOULUUUUUUUUUUOUUUUUUUUUUUUUUOUOUOUUOUOUUUUUDL shape 
O OOO rhemboidl]] I I I i I i i i i i I I I EI EI EI. shape UUUUUUUU drawou 
UOULUÖUUUUOUOÖUOUOUOLUL sbapell O ID] drawOl] drawOU I I I UI UI i Ui Il I I. LU 
UOUGLUUUUUUUUUOUOUOUUUUOUULD snaeeOll Il I UI UU 3 Ui I Uu ui i i il ui 
ERIRE 

UHUHUUUUUUUUUL <circlel] sguare[] triangle)l] WOUUUUUUUUU shape* 
UIUuguuuuuuUuuUtuuuuUuuUuuUuuUUuuuuuuunnnnnnDnDUUDUDUUUUL 
HOUHUUUUUUUUUUUUUUUUUO 


18.2 (OO RTII a 


JUIUUDUOUDUDDUDUUUUDUUUD TN 
JUUDUUUODUUUUUUDDUUDDUDUDUU ja a 2.0 


Ad eee ene, og 


poooooooooooooooonoooo0o0o0 | circle ; ; square; itriangle; 
IUIUIUIUDDUUUUUUUUDDDDUUUD 
00000000000000000000000 A 
HU OO TurnColorlfYouAreAOQ|] TOU OUOUUU0GEU0U U0 OU OU shape::circle[] 
shape::square[] shape::triangle[] [] [] 
OOODOUOOUOUOUOOUUUDUODOUODUOUOUOUOUUODOUOODUOUOOOUOUODODOOU 
OOOOUOOOUDOUDOUOOLD isAOU type 00 JOOOOÖUOOOUODOODOUODUODODODU 
RTTO OOOOOOUODUODOOOUOUOUOUODUUOUODOUOUODO UUDDDDDU tianglel] D 
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HOUUUUOW 
Jlc—ulUIUUUUDUDUUUUuDnuUuunuDnnuuuuonnuugnuununuu 
JIUDUUUDUDUUDUUUUDUDUDUUUDUUUUUUUUUDUUUuuuuunoD 
JUIUDUUUUDDNUUUUDRTTUUDUUUDDUDUCc—UUUU 
RTTII UI UUuIUuuUuuUuuUnunnnunuu”noDuguuguuguuuuuuuuu 
JRTTHIUUUDUUUUUU 


RITIUUUUIUULD 


JuRTHUDDUDUUDUUUDUszefOl UUHUUUUUUUUUUUUUUUO 
JUIUUUUUUwpidOl I i Uu Uu Un UU UL Uu Uu 83U UU U U i UI LL typeinfol] U 
HOHUUUUUUUUUUUUUO ==" 0" = UUUUUUUUD UUU UU named] 
UHUUUUUUUUOUUUUYS typeidOU UU OU shape*] O0 I LU I L.L] shape*[] O O L 
OUOGUÖHUUHUUUUOUUHUUUUOUUUOUUUUUUUOUOU USUD shape”, 


cout << typeid(*s).name()<<endl; 


HOUUUsUUUUUUUUL 

UU UU before(typeinfo&)[] O O O typeinfol] O O O OOU typeinfo DU UUUUU 
OUUU YL cruel] false] O0 0 0L 

if(typeid(me).before(typeid(you))) //... 
HOUUUUUUUU mePOUUUUUUUO youl UU 

RTTIUUIUUUU'UUUUUUUU'UUUUU'UUUU'UUDnuuUuUuunoD 
HOUUUUUUUUUUYS crcle*[] shape 0 I UU I i UI EL LI. shape*[Ì O 00I 
circle*l] JU UUUUUUUUHO circle” O O O shape* I LUI Fi I UI UI i Ui I I Ui Ui ILL 
Q shape*[] O0 O OO circle] I I LI 3 I Il UI Ui uu ui i hi I i i iu u I iu i i iu iu I I I'L 
IDluuuunumunnnuclnmnnuunn CHU LLUD LD static cast] O0 0O00 DL 
IUUunuUuuuuunuu UUUUUUUUUY circe) ll I I UI UU Ii UI Uu” I UI. 
UOLLÖUUODUÖUUUL cirie I i I UI Fi Ui iu UI i Ui iu Ii i Il I i RTTHIT LI UI UI I. 
HOUUUUUUOUUUO shape] O0 00O circle*d] l I LION Il Uu I I uu i i I i i I ìi 
HOUUOUUUUUUUUUUUUUUUUU null OQUUUUUUU 8 circle] OU 

C++ RTTIV UUUUUUUU'UUUUUU'” UUUU'UUUUUDUUUUD 
HOUOUUUUUUUUUUUUUUUUUUUUY dynamiccasdl] O O UI UL Ll 


shape* sp - new circle; 





circle* cp - dynamic cast<circle*>(sp); 

if(cp) cout << “cast successful”; 

NnuuuuuuunuuuuguguguguguuuguuuuuuuuuuuuUuUuUuuuun 
UIUUUUUDDDDDDUDUUUU 

UHUHHUHUUUUUUUUUUUUUUUUUUUUUWUUUUUUU L shape] U 
IUUUDDDDDUDUDUDUL 


circle* cp = dynamic cast<circle*>(sh); 
sguare* sp = dynamic cast<sguare*> (sh) ; 
triangle* tp = dynamic cast<triangle*> (sh); 


UUUOUUUO —00I0J00OC0O0O0OO0OOÖUOOUOUOUUOOUOUOUOOUOUOUODTI 
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lNUDUDDUUHNHDUDUDUUUUNHDUDUDDUUUNHDUDDDUUDDHDHDUDL 
shapel] I I I UUUUUUUUUUUUUUUUOUO 

//: RTSHAPES.CPP -- Counting shapes 

“include <iostream.h> 

#include <time.h> 

tinclude <typeinfo.h> 

tinclude "..\14\tstash.h" 


class shape ( 
protected: 
static int count; 
public: 
shape() ( count++; ) 
virtual ~shape() = 0 { count--; } 
virtual void draw() const = 0; 
static int guantity() ( return count; ) 


); 
int shape::count = 0; 


class rectangle : public shape ( 

void operator-(rectangle&); // Disallow 
protected: 

static int count; 
public: 

rectangle() ( count++; ) 

rectangle (const rectangle&) ( count++;) 

-rectangle () { count--; ) 

void draw() const ( | 

cout << "rectangle::draw()" << endl; 


} 


static int quantity() { return count; } 


int rectangle::count = 0; 


class ellipse : public shape { 
void operator-(ellipse&); // Disallow 
protected: | 
static int count; 
public: 
ellipse() ( count++; ) 
ellipse (const ellipse&) ( count++; } 
-ellipse() ( count--; } 
void draw() const { 
cout << "ellipse::draw()" << endl; 
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} 


Static int guantity() { return count; } 


); 





int ellipse::count = 0; 


class circle : public ellipse ( 

void operator-(circle&); // Disallow 
protected: 

static int count; 
public: 

circle() ( count++; ) 

circle(const cìrcle&) ( count++; ) 

-circle() ( count--; ) 

void draw() const ( 

cout << "circle::draw()" << endl; 

) 

static int guantity() ( return count; ) 
); 


int circle::count = 0; 


main() ( 
tstash<shape> shapes; 
time_t t; 
// Seed random number generator: 
srand((unsigned)time(&t)); 
const mod = 12; 
for (int i = 0; i < rand() $ mod; i++) 
shapes.add (new rectangle); | 
for (int j = 0; j < rand() % mod; j++) 
shapes .add (new ellipse); 
for (int k = 0; k < rand() % mod; k++) 
shapes .add (new circle); 
int Ncircles = 0; 
int Nellipses = 0; 
int Nrects = 0; 
int Nshapes = 0; 
for(int u = 0; u < shapes.count(); u++) ( 
shapes [u] ->draw() ; 
if (dynamic, cast<circle*> (shapes(u])) 
Ncircles++ : 
if (dynamic, cast<ellipse*> (shapes[(u])) 
Nellipses++; i 
if(dynamic_cast<rectangle*>(shapes[u])) 
NrectS++; 
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if (dynamic, cast<shape*> (shapes [u}) ) 
Nshapes++; 
} 
cout << endl << endl 
<< “circles = " << Ncircles << endl 
<< "ellipses = " << Nellipses << endl 
<< "rectangles = " << Nrects << endl 


<< "Shapes = " << Nshapes << endl 
<< endl 
<< "circle::quantity() = " 


<< circle: :quantity() << endl | 
<< "ellipse: :quantity() = " 
<< ellipse: :quantity() << endl 
<< "rectangle: :quantity() = " 
<< rectangle: :quantity() << endl 
<< "shape::guantity() = " 
<< shape: :auantity() << endl; 

} 


JUIUDUOUUUDUUDDUUDDUUUUUUDUDUUDUDUUDUDDUUUUUUUU 
JUUIUDUUDUUUDUUUDDUUUUDUUUDUUDUDUUDDUURTTIUUUDULU 
UUUOUUUUO 


18.3 (000 
JnUUnguRaRTHU Ui UU UU Ul UU UU U UU Ui ui LU 
1831 UULULUUU typeid() 
JnIUDUUDUDUU ped OI il UI i3Uu i ui aU i Uu fn uu UI UU Ul UL]. truel 


typeid(47) -- typeid(int) 
typeid(0) -- typeid(int) 


int 1; 
typeid(i) -- typeid(int) 
typeid(&i) == typeid(int*) 


1832 JUUUDnUDUU 
tyred O] I UI UU UI IiUUu i Uu I iu u Uun Uu i UuDuouu 


//: RNEST.CPP -- Nesting and RTTI 
#include <iostream.h> 
8finclude <typeinfo.h> 


class one { 
class nested (); 
nested* n; 
public: 
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one () { n = new nested; } 
~one () { delete n; } 


nested* N() { return n; } 


); 


main() { — 
one O; 
cout << typeid(*O.N()).name() << endl; 


) 
typeinfo::nameOl HOUHOÖUUHUUÖUUÖUUUUUOULD one:inested|] 


18.3.3 [Ill 


lllleypeia()l I I UU Ul I IU I I i UI i Uu 3 UI I UI UU Uu Ii i Uu UI i Ul UI I. 
IUDIDNIUHUDUIUHUDDUUDUOL 
class X ( 
int i; 
public: 
Y” 
); 
class Y : public x ( 
int j; 
public: 
EDD med 
); 


UUGÖUUUÖUUUUUUUOUUOUOU 

X* Xp = new Y; 
typeidOll ll I UI UI ui Yii Pu uu Uu u i i Lule2UUn hi i l li iu iu i ui i i nuu uu ui I UL 
HOUÖHODUUUU 

typeid (*xp) == typeid(X) 

typeid(*xp) != typeid(Y) 


HUUOURTTIVOUUUY 
18.34 JTOOUUdCUO 
JUIUUUDUDUUDUNUOUUUUDUUUUUUDUUUDUUDDUNUUUUULU 


class aì ( 
public: 

virtual void foo() () 
); 
class d2 ( 
public: 

virtual void bar() () 
i 


class mi : public dl, public 42 { }; 
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class mi2 : public mi {}; 


d2* D2 = new mi2; — 
mi2* MI2 = dynamic cast<mi2*>(D2); 
mi* MI = dynamic cast<mi*> (D2); 


JUIUUIUDUDUUDDUDDDUUNODDUNUUUUUD m2l UU UU Uu UU i UUN 
JUIUUUUUUUUUDUUDUUDUDDIUUUUUUDDOUUDDDOU mil) mi2] 
JUIUDDUUUDDUNUDUUUULU 


dl* D1 = dynamic cast<d1*> (D2); 


JUIUUUUUDDUUP42llIUUUUnUUm?lUUUUUuUuailli JUnUuu 

UOUUOUUUU dynamic cast] tyred Ol] I I UI UU U UU i UI ypeid O O I U UL 
typeinfo WU HU UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUO 
UOUUUOUUUY truel typeidQU O O dynamic_cast O O0 DL UU i Uu 43 i Uu I LU 


typeid(D2) != typeid(mi2*) 

DIJUUUUUUUUUUUOL 

typeid(D2) == typeid(d2*) 
18.3.5 void[] [D 


UUUUUUUUUUYO void UU I UI UI. LU 


//: VOIDRTTI.CPP -- RTTI & void pointers 
#include <iostream.h> 
 finclude <typeinfo.h> 


class stimpy ( 

public: 
virtual void happy) () 
virtual void joy() () 


bi 


main() { 
void* v = new stimpy; 
// Error: 

//! stimpy* s = dynamic_cast<stimpy*>(v) ; 
// Error: 


//t cout << typeid(*v).name() << endl; 


) 

void*JOUUOU* 00000000” L 

18.3.6 (0O0O0OORTTI 
JUIUUUUUDDODUUUUUDDUUUUDDOUUUUUDUUUUDDUU RTTIU U 
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JUIUUIUUUUUUDUUDUUUUDUDUUUN SUDIUUUDUUDUOUOUUUDUUUD 
JUIUUUUUUUDUUUU 


//: INHORDER.CPP -- Order of constructor calls 


#include <iostream.h> 





tinclude <typeinfo.h> 


template<int id> class announce ( 
public: 
announce() ( 
cout << typeid(*this) .name () 
<< " constructor " << endl; 
) 
-announce() ( 
cout << typeid(*this) .name () 
<< " destructor " << endl; 
) 
); 


class X : public announce<0> ( 
announce<l> ml; | 
announce<2> m2; 

public: 
X() ( cout << "X::X()" << endl; ) 
-X() { cout << "X::-X()" << endl; } 


); 
main() ( X x; } 


TYPEINFOH] I UI uu Il i Uu i UI UI] typeidOU O O typeinfol O I I UU UI I I'L 
JUIUUUUUUDDUUDUUDUDUDUUUOUDUUUUUUUDUUUUUUUUDnunu 
RTTIWHHUUUUUUUUUUUUU XUUOUUUUUUUUUUUUUUUUUUUo 
UUUUUUUUUUUUUUO 

JUIUUUUUDDUUCc—UDUUUUDnono 


18.4 UL 


RTTII UI UUuHTIUuuUUuDnunUuuUuunguUuuDnsnuUuDnununuDuUDnuonuouu 
JUIUnDunnnunuUnUnugUuuUuguuuuouu 


class B { 
public: 

virtual float f() { return 1.0;} 
); 
class D : public B ( /* ... */ ); 
B* p = new D; 
B& r = *p; 
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typeedOU I i Ul Uu UU UU iu UU Uu Uu Uu i Uu Uu Uu UU UU UI .LU 





typeid(p) == typeid(B*) 
typeid(p) != typeid(D*) 
typeid(r) == typeid(D) 


JUIUUUDUUUDUDUU vpeidO VHUUOUUUUUUUUUUUUUUUUOO 
JUIUUDUDDDDUDUD 


typeid(*p) == typeid(D) 
typeid(*p) != typeid(B) 
typeid(&r) -- typeid(B*) 
typeid(&r) != typeid(D*) 
OUUU typedod I I Ii Ul Ul i i uu iu uu Il I I. 
typeid(r.f()) == typeid (float) 
UU 


JUIUDUUUUDUDUUDDUDUUUUUDUUDUODDOUUUDUDUDUDUUUU 
JUIUUUUUUUUUUUUUUUUUUUUUUUDUUNUUDUUUUUUDD CHI 
UOUUU bad-castH I Uu CUD UU UUUuuuUuuuUuuUuununwu 


class X (); 


mi MI; 
dì & Dl = MI; // upcast to reference 
try { 
X& xr = dynamic cast<X&>(Dl1); 
) catch(...) ( 
cout << "dynamic cast<X&>(Dl) failed" 
<< endl; 


) 


HOUOUUUUOUUU DIDUOUUUUUUU XOUONOUOUUUUUUOUUUUUUIU xr 
OÖUÖHOÖUÖUOUÖUUUUOUUOUOUOUOUUOUUOUUODODOOOULU 
OOUDOUN typedOU I Ii di di i i i i ui ui di I I I I I I I I I I I I CL I. LU 
[IL] O [O bad-typeid: 
B* bp = 0; 
try | 
typeid (*bp) ; // throws exception 
} catch (bad typeid) { 
cout << "Bad typeid() expression" << endl; 
) 
OOOD typeidi ll I UI i Ul I I Ti Uu iu ll i i Ui Il UI i i i Il Il i Ii i i Il uil I'L 
HOUMUÖUÖUÖUUÖUUÖDU 


18.5 OUUU 
UUURTMOUUUGUUUUUUUUUUUUUOY virtuall OU 


Chîna*pup« eo mu coooooo 391 
ea 


//: MIRTTI.CPP -- MI & RTTI 





tinclude <iostream.h> 
#include <typeinfo.h> 


class BB ( 

public: 
- virtual void f() () 

); 

class Bl : virtual public BB {}; 
class B2 : virtual public BB (); 
class MI : public B1, public B2 {}; 


main() ( 
BB* bbp - new MI; // Upcast 
// Proper name detection: 
cout << typeid(*bbp).name() << endl; 
// Dynamic cast works properly: 
MI* mip = dynamic cast<MI*> (bbp); 
// Can't force old-style cast: 
//! MI* mip2 = (MI*)bbp; // Compile error 


} 


UUUUUUY virtual] OU UU typeeedOU UUU UU UUUUUUUUUUUUUUO 
JUIUUDUDUDDUDUDOUUUUUUUUUuUuuunuwnu 


MI* mip = (MI*)bbp; // compile-time error 
HOUHUUUUUUUUUUUUUUUUUUUUUO 
18.6 0 000 RTTI 


JUIRTHIDUUDDUUUUDUUDDUUUUDUUUUDDUUDUDUUUUDU 
UHUHUUUUUUUOUUUUUUUUUO 
JUIUUIUDUDUDDOUOUUUUUUDUUUUDUDDDDUDDU switchi OUOUUO 
JUIUDUUDUDURTHUUUUDUUDUUUUDUUDUUUDUUDUUUDUUUDUU 
UOUCHUOUUUUUUUUUUUUUUUUUUUS RTTIL 
JUIUDUUUDUDDUDDUUDUUUUUUDUUDUUDUUDUDUUUUUUUuu 
JUIUUDUUUDUDUUUUUDUDUDUUDUDUUUUUUUUUDuSDUuuuonuuouno 
JUIUUIDDUUDDRTTIUUIUDDUUUDUUDUUUUUDDUUUDUUUUUNUUDDUU 
JIUUUUUUDUDUUUUDUDUDDUDUDUUUUUUUUUDuguuuuonuuunob 
JIUUDUDDODUUUUUDIUUUUDDDUUUD swiechj ll i Ui Uu UU I UI. UU 
JUIUDDUDUUDUDUUUUOUUUUDUUUUUUUnu 
JUIUDUUUUDDUUDDUUDUUUUUDUDUUDUDUDUUDDUDUDUDUUUU 
JUIUUUDUDUDUDUDUUDUDUUDUDUDUDUDUUUUUUUUUuuuuunob 
JUUunununuuuumuuU”UUUDnnunuuuuununuuu 1400 14.6000 
WINDS.CPP]T JOHOUOHOUÖUÖUUÖUUÖUUUUOUUOUUUUUUOUHÖUUOUOUL instrument 
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lll U ClearSpitvalveOll PTOOUOUUOUOUOUOU OU UU UO percussion[] electronic[] O U 
HOUUURTTIUUOUUUUUUUUUUUUUUUUUUUUUUUUUOUUUUoo 
[] wind[[] 

HOURTTOOUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOo 
HOUUHYUUUOKUUUUUUUUUUUUUUUUUUUUUU RTTIUUOUUUUUOG 
HOHUUUUUUUUUUUUUOUO 


JUIUUUUUUD 


UOUUU IHYUUUUUUY trash recydine] I i UU hl uUuDnluuluuuuuuuwunu 
JUIUUUUDUDUDUUUD RIT 


//: RECYCLE2.CPP -- Chapter 14 example w/ RTTI 
#include <fstream.h> 

tinclude <stdlib.h> 

tinclude <time.h> 

#include <typeinfo.h> 

#include "..\14\tstack.h" 

ofstream out ("recycle2.out") ; 


class trash { 
float Weight; 
public: 
trash (float Wt) : Weight (Wt) {}. 
virtual float value() const = 0; 
float weight() const ( return Weight; ) 
virtual -trash() () 


); 


class aluminum : public trash ( 
static float val; 

public: | 
aluminum (float Wt) : trash(Wt) {} 
float value() const { return val; } 
static void value(int newval) { 

val = newval; | 

} 

}; 


float aluminum: :val = 1.67; 

class paper : public trash { 
static float val; 

public: 
paper (float Wt) : trash(Wt) () 
float value() const { return val; ) 
static void value(int newval) ( 
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float paper::val = 0.10; 


class glass : public trash ( 
static float val; 

public: 
glass (float Wt) : trash(Wt) () 
float value() const { return val; ) 
static void value(int newval) { 


val = newval; 


} 
); 


float glass::val - 0.23; 


// Sums up the value of the trash in a bin:. 
template<class T> void 
SumValue (const tstack<T>& bin, ostream& os) { 
tstackIterator<T> tally(bin); 
float val = 0; | 
while (tally) ( 
val += tally->weight () * tally->value () ; 
os << "weight of " 
<< typeid(*tally.current ()) .name () 


<< "= " << tally->weight() << endl; 
tally++; 
} 
os << "Total value = " << val << endl; 


main() { 
// Seed the random number generator 
time_t t; 
srand ( (unsigned) time (&t)); 


tstack<trash> bin; // Default to ownership 
// Fill up the trash bin: | 
for(int i = 0; i < 30; i++) 
switch (rand() % 3) ( 
case 0 
bin.push (new aluminum(rand() % 100)); 
break; | 
case 1 
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bin.push (new paper (rand () % 100)); 
break; 
case 2 : 
bin.push(new glass(rand() $ 100)); 
break; 
) 
// Note difference w/ chapter 14: Bins hold 
// exact type of object, not base type: 
tstack<glass> glassbin(0); // No ownership 
tstack<paper> paperbin (0) ; 
tstack<aluminum> ALbin (0); 
tstackIterator<trash> sorter (bin) ; 
// Sort the trash: 
while (sorter) ( 
aluminum* ap = 
dynamic cast<aluminum*>(sorter.current ()) ; 
paper* pp = 
dynamic cast<paper*>(sorter.current()); 
glass* gp = | 
dynamic cast<glass*>(sorter.current ()) ; 
if (ap) ALbin.push (ap); 
if (pp) paperbin.push (pp) ; 
if (gp) glassbin.push (gp) ; 
Sorter++; 
) 
SumValue (ALbin, out); 
SumValue (paperbin, out); 
SumValue (glassbin, out); 
SumValue (bin, out); 


) 


JUIUDUUUUDUUUDDUDUUUUUDUUDUDUDUOUUDUUDDUDUUUU 
JUIUUUUUDUUDUUDUUUDUDUDUUUUUDUUUDUU RTTIUUUUUUD 
ISUIDUUDRTHIU IU UU UU UU UU UL UU IU Uu UU I Uu I U I UI c++0 00 
U RTTIO OU O 


18.7 RITIPJOURDOO 


O0 00 RTTIO ODODO YTABEEIIUIUUUDIUUUDUUDUUUDUUDUDUDUUUULU 
OOOO typeinf od JOHOUOUOOUOD typeinfo O 0 UU UU typedod I I i UI I LU 
0000D VPTRO OL tpenfol] JUUÖUUÖHUÖUHU typeinfol O 0O 00000 — U U 
JUIUUUNUU—UDUUUUDUUUNUDUUUU 

O O dynamic cast<[| O0 >><lU>UIuUIUuunuunuDuDuUDuUDNHmoDuu RTT U 
10000 *UUU RTTOOOOOOOOCOOOCOOOOOOOOUOOOOO *UUDUUD 
Jn*UUUUUUUUUUDUUUDUUUUDUUUDUUUUDDUUDUUUDDUUUWDuU 
JUIUUIUUUUUUUUDDUUUUUDUUDUUUUDDUDUUUDUUUDUUUu 
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OUÖHOUÖUOUUJUUUUUUUUUUUUUOUONOUOHOUOUTUU 
OHLOUHOUHOUHUUHOUHUUÖUUUUUUUUUOUOUUUOUUOUOUD typeidoll 
JUIUUUDUUUDUUUUDUUDUUDUDUUUUDUUUDUUDDIUUUUDUDUDDUDU 
JUIUDUUUUUUDDUUDUUUDUDDUUDUUUUDUUDUDUUUDUUDU 
JnIUNUUUUDDDUUUUUDUUOUUUUUUUUUDUUDUUUuUDuuu 


18.8 [000000 RTTI 


JUIUUUUUUURTTIIUUDUUUUDUDUUDDUURTTHUDUUUDDUDUDULU 
UUIUUUDUDUDOUUUUUUUDUUUUDUUUUD RTTIU 0 O 0O cU 0 RTTH I LU 
UNnIUIUUDDUuc—uUUUIUU UUu'UunIuUuuUuUuuuUunuuuUuUuuuuuumuUDurn 

JUIUUUURTHIU IU UUUUUUUuUUununguugnUunnuu”uoDuoDuouu 
JIUUUUDUUDUDUUDUUUDUUDUUDUDUUUDUUUUDnUuUnuuuonuuunoD 
JUIUUDUDUUDIDUDDODUUUUUDUUDU RTHI I i Uu UU Uu Uu UU UU UI. 
UOUHLUHOUHUHUUUHOUUUHOUÖHOUHUOD dynacasto I i uu UU UI U UU. UU 
UOUUUUY dynamictypreOl DI UU HU II Ui IU uu iU a1 UU Ii I Ui i Lu 


//: SELFRTTI.CPP -- Your own RTTI system 
#include "..\14\tstack.h" 


#include <iostream.h> 





class security { 


protected: 
enum { baseID = 1000 ); 
public: | 
virtual int dynamic type(int ID) { 
if (ID == baseID) return 1; 
return 0; 


} 
); 


class stock : public security { 
protected: 
enum ( typeID = baseID + 1 ); 
public: 
int dynamic type(int ID) { 
if (ID == typeID) return 1; 
return security: :dynamic type (ID); 
} 
static stock* dynacast (security* s) ( 
if (s->dynamic type (typeID)) 
return (stock*)s; 
return 0; 
} 
i 


class bond : public security { 
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protected: 
enum { typeID = baseID + 2 ); 
public: 
int dynamic type(int ID) ( 
if (ID == typeID) return 1; 
return security: :dynamic type (ID); 


} 


static bond* dynacast(security* s) { 
if(s->dynamic type (typeID) ) 
return (bond*)s; 


return 0; 


) 
); 


class commodity : public security (: 
protected: 
enum ( typeID - baseID 3); 
public: 
int dynamic type(int ID) { 
if(ID -- typeID) return 1; 
return security::dynamic_ type (ID); 
) 
static commodity* dynacast(security* s) ( 
if (s->dynamic type (typeID)) 
return (commodity*)s; 
return 0; 
‘} 
void special() { 
cout << "special commodity function\n"; 
) 
); 


class metal : public commodity ( 
protected: 
enum { typeID = baseID + 4); 
public: i 
int dynamic_type (int ID) { 
if (ID == typeID) return 1; 
return commodity: :dynamic type (ID); 
A 
static metal* dynacast (security* s) ( 
if (s->dynamic type (typelD)) 
return (metal*)s; 


return 0; 
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); 


main() ( 
tstack<security> portfolio; 
portfolio.push(new metal); 
portfolio.push(new commodity); 
portfolio.push(new bond); 
portfolio.push(new stock); 
tstackIterator<security> it(portfolio); 
while(it) ( 

commodity* cm - 
commodity::dynacast(it.current()); 
if(cm) cm->special(); 
else cout << "not a commodity" << endl; 
it++; | 
) 
cout << "cast from intermediate pointer:ân"; 
security* sp = new metal; 

- commodity* cp = commodity: :dynacast (sp); 
if (cp) cout << "it's a commodity\n"; 
metal* mp = metal::dynacast (sp); 
if(mp) cout << "it's a metal too!\n"; 


} 


JUIUUUUDUDDDOUU typelbD VUUUUUU dynamic_typeOl] O O O U typer) O 
JUIUUUDUDUUU dynacastOU VHUHUUUUUUUUUUUUUUUUUUUUOO 
UOUU—UUOUUUUUUUUUUUUUUW 

UU securityl] I Ul UUu Uu: Uun iu UU uu U I. i IU. typelDU UU YU baselDIJ U 
baseIDJOUUUUOUUUUUUUEUUUUUUUUNUemmY GOUOUUUUUUUUUUO 
JOLÖHOÖUUÖUUÖUOUHOUUUUUUUUUOUHUUOUUUUUUUUOUOUDUD protected) [| 
JnIUUnuuu 

enum baseID[] [ O O security! OO UU UI UU UU 3 UU UU Ui Uu UL UI I UU) ID LU 
JUIIPIUIUUIUDUUUUDUUUUUUDUUUUDIDUUUUDUUUUUUUUDDUD 
JUIUUDUDUDDUDIDDUDUUUDUUDDDUD IDDU protected] VOUUUU 
JUIUUUUUUUUUDUDUUDDUUDD 

JnIUUDUUUDRTTUHUUUDUUUUUUDUDUDUDUDUDUDUDUDUDUDUL 
JUUUDUUUUUDUUDUUUUDUUDUUD metall]l] commodityl] VUUUU 
commodity[] UU specialOl LI UF Uu T1 Ul I. metal] OUOUUUUUUY special ÔL] O 
l dynamic typeOlllllDNngRIguunnuunnuunnunmununnm metal] JOUHU 
commodity] I UI UI UU UU JU UI UU UU UU UUUU RTTIU UI UU UU UI. 
JUIUUIUUUDDODUUUUDDUUUUUDUUUUU 

dynacastOl O O0 O I LI. dynamic typeOl] I I Uu IU Ii Uu "uu i iu Hu ii LU 
JUUDUUD typeeIDUHUHOUUUUUUUUUUUUUUUUUUUUUUUUO 
dynamic typeOll I LI I UU I i Ui pelID] UU UU i Uu B9 Uu UU Uu Uu UU I â I Uu UL 
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OUDON dynamic_typeeOQU JUÖUUÖUUUUUUUUUUUUUD dynamic typeOl] 
HOOHUUUUUUUUUU DWYUUUUUUUUUUUUUOS dynamic_typeOQU UUUU 
HOHUUUUUUUUUUUUUUUUUUUUUUUUUUUUd 

O O dynamic_typeQU O reel] I I UI I Il I UI Ui Ui I I uu I i i i i Ii Ii Il Ui i IL 
OUOU dynacastOlj security] I I I UI UU 3 i i Uu I Uu i uu HU i i I I Ll 
ll false, dynacastOQU VUUHUUUUUUUUUUUUUUUUUUUU c--UL 
dynamic cast] [U O U UU 

c—Hl]lllNununuuunungnnnunuuunnunnuunnuHnuuunnunun 
INUUDUDDDDUUUUNHDUDUDDDUDUDUUDUNHDUDDUDDDDUUUDNDUDUDUL 
HOOHUUUUUUUUUUUUUO 

HOHOUUUUUUUUUUUUUUUUUUUUUUUUUUUUU dynamic cast 
O0 O O I DYNAMIC-CAST[] O U 


18.9 DOUUUU 


JUIUUUUUUUUUUDUODUUUDUDDD "OQUOOOOOUUOOUOUOUUUL 
JUUUUUUUUUUUUUDUUUDUUUDUDUDUUUDUUDUUDUUDUUDU 
JUIUUIUUUUDUDUDU 

JUIUUUDUDUDUDUDDUUUUUUUUUDUUDUDUUUDUUUDUUUnN 
JIUDUUUDUUDUODUUDDUUDDUDUUUUUDUUUUDUunuuuonnunuuno 
JUIUUUUDUUUUDUUDUUUUDUUDUUDUUUUU CUUUUDuUuDnunnnuu cU 
UIUDUUDDUUUUDUUDUUD vid UU IU Uu UU UU Iu Uu UU i Uu UU I LIU 
JUIUUUUUUDUUDDUUNODUOUOUOUUUUUUUUuuu 

UUHUUUUUE c++0 00O dynamic cast] VUOUUUUUU OL] const_cast|] 
static_cast[] reinterpret cast] O I UU UMUULLU I Uu UU uu Uu UU Uu UU Uu U UU UI LU 
JUIUDUUOUUDDUUDUDUDUUUUDUUDUUDUDODUUDDDUUDDUDUUUU 
JUIUUUUDUDUD 

JUIUNUUUUDUDUUDDUD newtypell UUOUUUUUUUUUUUUUUUUO 
JIUUUUDUDUUDUDUUUUDUUDDUDUUUUDUUUUUunuUuUuuuuunoD 
IUIUUUUDUDUDUDUUUDUUDDUDUUUDUUUUUUDnuUUuuuuunoD 
JUIUUUUUDUUDUDDUUUDUNUUUODUUUDUUU 

JUIUUUDUDUDUDUDDUUUUUU 





static_cast 10*°0000°0°0000°000000000U00 00 
InuUuunuuununuunnuununnnuwuu 

const_cast DDDDDDUUU const] volatile[] 

dynamic_cast UnUuUununnnuununnuunnnnwnun 

reinterpret_cast HUHUUUODUUUUUUUUUUUUUUUUUUUOUUO 


IUUOUDUUUDUUUODUUDDUDUUDUUUDUUD 
JIUIUDDUDIUUUUUDUUUDDDUD 


JUIUUUUUDUUDUUUUDDUU 


[1] [I Ll Josée Lajoie“The new cast notation and the bool data type” [| C++[] O UO 1994[] 9[] [] pp.46-51. 
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18.9.1 static cast 


static ca] ]0000080U00000000 uUU'UDUUUUDuuUnuu'muuU 
HUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUE static cast] OU 
JUUIUDUUUUUUUUUDUUDUDUUDUUOUDDULUU vid DU UU U I Uu U I.D 
JUIUUDDDDUUUD 


//: STATCAST.CPP -- Examples of static cast 


class base { /* ... */ ); 
class derived : public base { 
public: | 

24. maa 


// Automatic type conversion: 
operator int() ( return 1; } 


Wi 
void func(int) () 
class other (); 


main() ( 
int i = 0x7fff; // Max pos value = 32767 
long 1; 
float £; 
//(1) typical castless conversions: 
1 = i; 
£ = i; 
// Also works: 
l = static cast<long>(i); 
£ = static cast<float>(i); 


// (2) narrowing conversions: 
i = 1; // May lose digits 
i = f; // May lose info 
// Says "I know," eliminates warnings: 
i = static cast<int>(l); 
i = static cast<int>(f); 
char c = static cast<char> (i); 


| //(O) forcing a conversion from void* : 
void* vp = fi; | 
// Old way produces a dangerous conversion: 
float* fp = (float*)vp; 
// The new way is equally dangerous: 
fp = static cast<float*>(vp); 
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//(4) implicit type conversions, normally 

// Performed by the compiler: 

derived d; 

base* bp - &d; // Upcast: normal and OK 

bp - static cast<base*>(&d); // More explicit 
int x - d; // Automatic type conversion 

x'= static cast<int>(d); // More explicit 
func(d); // Automatic type conversion 

func (static cast<int>(d)); // More explicit 


//(5) Static Navigation of class hierarchies: 
derived* dp = static cast<derived*> (bp) ; 

// ONLY an efficiency hack. dynamic cast is 
// Always safer. However: 

// Other* op = static cast<other*> (bp); 

// Conveniently gives: an error message, while 
other* op2 = (other*)bp; 

// Does not. 


} 


UOUUIHUUUUUOUUUUCUUUOUUUUUUUUUUUUUUUUUUUUUO 
0 00 intl OO longl] float] I i Uu UU Ul Uu UI UI UU iad] UOUUUUUUUUUO 
static_cast[| O lU I Uu UU IU uu U3 Uu Ul Uu UI UI I Uu i LU 
JUUALUIUUUUUUUUDDUDUDUUUUUDUUDDUUDUDUNUUDUUD 
O int] O O O longl] float I "I '3U UU I UU UU UU IU 'UI UU UU UU UI UI. 
JUIUUUUUUUUUUDUUDUDUDDUUUUNODOUUUDUOUOUUUUUUUUU 
O c++0 UU void“ I Ul UI U3 Uu Uu Uu uu COUUWUUUUU 3U0UU0U00U0U0U 
JUIUUUuUuumUuuUuuuuUununuuunuuuUunNnuuubU static cast] VOUUU 
HUUUUUUY 
UU4UUUHUUUUUUNUUUUUUUUUUUUUUUUUUUUUUUoUUa 
UUUOUUUUHY static cast] VUUOUUUUUUUUUUUUUUUUUUUUUUUUO 
JUIUDUUUUDUUDUUUDUUUUUDUUDUUDUUDDUUDDUDUUUL 
UUUUUUUU dynamic_eastHOOUUUUUUUU SOOOCOOOL L 
static cast] WU UU UUUUUUUUUUUUUUUUUUUUUUUUUUUUUoo 
OUOGLOHÖUUOUUUOUUUOUUOOUDOID dynamic cas WUUUUUU 


18.9.2 const cast 


HUUU const [| O 0 U const] U O O O volatile) UOO OOO volatile OO OU 
const_cast[] O O O O U const cast] OO HUUUUUUUUUUUUUUUUUUUUUOUO 
IUIUUUUDIUUUUUUUD 


//: CONSTCST.CPP -- Const casts 


main() ( 


China=puh.eom 0760 OHOUUUUUO 401 
mt ——— hu 





const int i = 0; 

int* j = (int*)&i; // Deprecated form 

j = const_cast<int*>(&i); // Preferred 

// Can't do simultaneous additional casting: 
//! long* 1 = const_cast<long*>(&i); // Error 

volatile int k = 0; 

int* u = const. cast<int*> (Ek); 


3 


class X ( 
int i; 
// matable int i; // a better approach 
public: 
void £() const ( 
// Casting away const-ness: 
(const_cast<X*>(this))->i = 1; 
} 
); 


UOÖHOUOOULD const JI VHUUUUUUUUUUUUO constH I I UI UI Il UI YI UI i I I'L 
UOUUOD consstW VOUOUUUOUUUUUUUUUUUUUUE const cast] I I I. LU 
[] Q volatile[] 

HOUOUUU cosstHUOUUUUUUUUUUUUUUUUUUUUU XL «his[] O 0U 
UOÖHÖHOUÖUUUUUUUULIE const cast] ll I I I Il I I Ui hi Il I Yi Uu ill I i Il I I'L 
UOUÖHOUÖUOUUU mutabie I Il UI i Ilu I Uu iil Ilu Ui hi il I i i Ii I i i I i i Ii UI. Ll 
HUUOUOOUOUUL const I I LI LI I I. LL 


18.9.3 reinterpret_cast 


UOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUOo 
UOULUÖUUUUUUUUUUUL const cast[] reinterpret cast] WU UI I UI UI Ui Uu PUI UI. 
OUUU 

reinterpret cas] JUHU UI Ui i UI Ui Uu UI i I i i uu fi iu Il i iu Ii i iu I UI i UL 
HOHUUUUUUUWUUUUUUUU CUOUUUUUUUUUUUUUUUUUUUO 
UDD UD reinterpret cast] JUUUUUUUUU 

//: REINTERP.CPP -- Reinterpret cast 

// Example depends on VPTR location, 

// Which may differ between compilers. 

#include <string.h> 

#include <fstream.h> 

ofstream out ("reinterp.out") ; 


class X { 
enum { sz = 5 }; 
int a[sz]; 
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public: 
= X() ( memset (a, 0, sz * sizeof(int)); } 
virtual void £() () 
// Size of all the data members: 
int membsize() { return sizeof (a); } 
friend ostream& 
operator<<(ostream& os, const X& x) { 
for(int 1 = 0; i < 82; i++) 
os << x.a[i] << ' '; 
return 08; 
} 
); 


main() ( 


X x; 
out << x << endl; // Initialized to zeroes 


int* xp - reinterpret cast<int*>(&x); 


xp[i] = 47; 
out << x << endl; // Oops! 


X x2; 
const vptr_size - sizeof(X) - x2.membsize(); 


long 1 = reinterpret cast<long>(&x2); 

// *IF* the VPTR is first in the object: 
l += vptr size; // Move past VPTR 

xp - reinterpret cast<int*>(l); 


xpll] = 47; 
out << x2 << endl; 


) 


JAIDUUUDDDUUUDDUmmanOl 000 ADU UU UU UI UI i unuuu 
HOUUUUUUUUUH reinterpret cas] O O 00O int*QOUOUUUU int I I I U LU 
HUUHUOUUUUUUU WU 4UUUUWUUUUUUUd “Ooo 


00 0 0 0 
470 0 0 0 


JUUUDUUDUUUUUDUUDUDUUDUUUUUDUUUUDUUDUUDUU 
UOUOUUU VPTROUUOUUUUUUUUUUY xpi OOO xpt)0 OO VPTR II LU 
JDD 
JUIUUUUUUuUuUguUuunuDuUnUDDUnununun vPTRUUUDDUUUU 
UUUUUUUUY IongU (dl reinterpret cast] O O YPFRH I UUUDUDUDDUUULU 
JUIUUUDUUDDDUUUUDUUUUUDUUUU ineDUDlUlUlUDUUUUUUu 


UUUUO 
0 47 000 


I] OHUHOOUUUUUUUUUUUO 
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UUHUUUUUUUUUUUUUUUUUUUUY reinterpret cast] O O 0000D 
JUIUUIUUUDDUUUUDUUUUUDUDUUU 


18.10 YU 





RITHJUUDIUUUUDUDUDDUDUDUUUUODUUDUDUUUUUUDUDU 
JUUUDUUUDUUUDUUDUDUUUDDUUUDUUDIUUUUDUUDUUUUUUuDu 
JUIUDUUUUDUUDUDUUDDUUDDUDUUUUUUUUUununu RTT ODU 
JUIUUURTTII UUUUUUUUUUDUUUDUUUUDUUUDUUUDUUDUUUUU 
UU 

>LIUIUUUUUUDUUUUDUULU 

2»luuuUuunnDUuuunuDuuuu 

S>UUUIUUUDUUUUUUUUUDDUUUUD RTT UU 

2DnlUDuUuUnonuuuuguuuuuuuuu 

JuRTTUDUUUDDUC—HUDUUUUUUDUUUDUUDDUDUUUDUUUu 
JUIUUDUUDUUDUDUUUDUUDUUUUUUUDUDUDUUDDUU RTTIIUDUUD 
JUIUUc—UDnlUUuUDUuDnunluuUusnusSuuunuUuuUuSDuuuuuuuuuunoD 
JUUIUUUUUUDUUUUDUUUUDUUUUUUUDUUUDUUUDUUUDUU 
UU 

JUIUDUUUUDUDUDUDUDUUUUDUDUUODUDUDUDDUDUUUL 
JUIUUIUUUDUUUUUDUUUUUUDUUUUDUUUUDUUUUUUUDUuuuu 


18.11 UL 


1. ORTTIQPOOUUUUUUUUUUUUO typetdOU ll I I Ii u Uu uu 1 Uu nU I Ui. 
HOUUUUUUUUUUUUUUUO 

2. U RIT) UO O U U U U U TurnColorlfYouAreAQ[] U U 

3. O O 140 0 WINDS.CPPH JU UU UUUUUUUUUUU0O instrument] O O OD 
wind] O UU O O OD ClearSpitValve0] O UU O wind DUUUUUUUUU YO tstashy Ll 
UOUOUO LU instrument] O O 0 L] new] 0 OU U instrument] O O 000000 DOO RTTILU 
HOHUUUUUUUUUUUUUU windlllllHlldlululnnnununnuumwun 
ClearSpitValveQ[] O O U UUU Ll instrument] U O O U U U O ClearSpitValveOlllllllllll] Ll 
OUUU 
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WOUOA UU UL 


JUIUUDUUC—UUUDDUUUDUUDUDUUUUUUUDUDUUDUDUDDUU 
JUUUUUUUUUDUUDUDUUUDUUUDUDUDUUDUUDUUUUDUUDUU 
JUIUDUOUIUUUDUUUUDDOUUUUDUUUU 


A.1 bool[] true[] false 


JnIUNUUUDDUUUDDUUUDUDUUUDODOUUUDnUOUUDn "UUUUUUuuno 
JD DUUD typedef] typedel] I UU UL I UU U Uu Ii Ui Ii Ui LI. typedefY O O O int] 
UOUUmMmOUUUUUUUUUUUUUUUO 

UUUUUUUUY boAIQFQUUOUUUUOUUUUUUUUUUUUUUUUUUUo 
JUIUUUDUUDUDUDDUDUDUUUDUUUULU 

JUIUUUDUUOUUUUUDUDUDUDUUUUUDUDDDU bord I I Ui I U i. LU 
JuUIUUDD tued JOHOUHOUHUD 1090 fesedl] UOUUUUUU OD UI Uu Uu Ii Uu ui UU 
JUIUumUununuuununuunu 


U UL bool] OD OU 

kk] O Ll booll] O O UU U bool[] 
<> <= 

Ses fe 0 0 boo] O O 

if for UOUUUUUUDU L pool] 
while,do 

E UOUUUUUUUY bool 


JOLÖHOUODUUUOUOUUL ill UU UU UU I Uu I UU mt UUUUUYG bool] C 

JUIUDDUUUUUUNUUUUUDUUUUDUUDUDUUDD 

UNnIUUn”“UDUUUUUU”"UHUUU--UUUDUUDUDU wel] DI UI U I UL 
JUIUUUUDUUDUUDDUUUUDUDUUDUUUDDDUUUU enum I I i UU LU 
JUIDDUUL bol [00 OU inJHUHOHUHUUUÖUUÖUUHUHUOULD booll] 0-1|) 
UUWUUUUUUUUUUY 

JUIUUUOUUDDDODUDUUD bool UU 


A2 QHOUUUUU 


UOUCHOUUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
JUIUUUUUUIUUUUUUDUUDUUUUUUUUUDUUDDUUUUUUDD CHI 
HUUHOHUUUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUad 
O O U O lOSTREAM.H]] YOO U 


# include <iostream> 


[1] 0 “ Josée Lajoie[] "The new cast notation and the bool data type” C++0 O O 19940 90 [] 
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JUIUDUUUDUDDUDDUUUUUUUUDUUDUUDUUUDDUUUUUUUu 
JUIUUDUUUDUDUUUUDUUDUDUDUUUUUUUUDUuUDUUuDUuuouno 
JUIUUUUDUUDUDUNUUUUUUUUUu 

JUIUunUuclUUunuuunSuUunuuunuuu eUUUDUUDUUDUUUULU 
UUUO CHOU UU0U COU 


A.3 0 0 C++{] 





HOUCHOIUUUUUUUUUCUUUUUUUUUUUUUUUUUUUUUWO 
HOUUUUUUUUUUUUUUUUUU CUUOUUUUUUUUUUUUU CO C++ 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
UW OU UU Internet] BBSI I III LU 

HOUOUUUUUUUU sYHUUUUUUUUUUUUU CHOUUUUUUUO 

HOUUUUUUUUUUUUUUUUUE <climits>[] <cfloat><(] O O UU U U <new> 
HOUUUUOUOUUOSE badalocHYUUUUUUUUUUUUUUUU 8 set_new_handler[] 
[| 0 RTTI[] <typeinfo>{] O O U U U U terminateQ[] unexpected() [] O [] <exception>[] O O Ll 

UOULUUUOUUODL C-HEJOUOUOUOUUUUUUUUOUD <sedexcp>l OU UUUUUU 
OOD <cassert>[] CL] ASSERT.HU UU UUU 

InNnunuHNHHNHDHNHNHDCHIUDDUUUDDUDDUUNHNHDDDDUOUDUNHDD 
UOÖUÖOUOOD !=0 >0 <sGecSUUUUUUUUUUUUUUUUOUSE tuple] O O OLU pair 
UOÖÖLÖUÖOUSTLUONOUOUOOOOUOUOOUOUUUUUUOUOUOUOUOU STLOOOUOOUUOUOUU 
HOÖUÖLOÖUÖUUUUUUOUUOUOUOUOUOUUUUUL 

HOHOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU cuU 
HUUHYUUUUUUUUUUUUUUUUUUUUUUUUUOUO appendOL] assignOL] 
insert()[] remove()[] replace()[] resize()[] copy O[] find()[] rfind[] ULU find_first_ofQO[] 
find last ofO[] find first not ofO[] find last not_of()[] substrO[] compareO[l] [I I I OU I U U 
0=1+21)0100000000000000°000 °0 wstingel] IU UI IUuunun 
string[] wstring ([] <string>[] O O U U O U CU 0 STRING.H[] [OD UO U UU DL basic string[] [] 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoo 
LJ strstreaam WOOUUUUU eU UI UI I Ii i i i I I I I. LL 

IDDUluuHUDUUDUUDDUNHUDDUDUUHUDDUNHUDDUUUHUDUNHDDUUUL 
HOUOUUUUO 

UOULUUUUUUUUUUUUUUUUUUUUUUUUUL <vits>[] <bitstring>[] O 
bits[] [] bit string[] [] bits[] bit string WU UUUUUU SUUUUUUUUUUUY bis LU 
HUHYUOUUUUUUUUUUUUUUUUUUUUUUUUUUO' set Ll resetO Ll 
countOL] lengthO[] testOU anyO O noneOll I I I I UI Ui Ui i UI I I I I to_usshort ÔL] 
to_ulong()[] to_stringQ[] 

bit string] VU I I I I I Yu I i I Ui i i I Ui i Ii i I bitsy I FI UI I Il Il YI I I. LL 
UOUUUUUUUUUYS string] O bits[] bit string] I Ul I UI Uu BU I Uu I Ui Ui i UI. bitsh 
HOUUUU OUUUUUUUUUUUY epicsrine i i i U 3 Ui Ui i i Ui i i UI bits L] 
bit string] OO Ul UI UI Ui I I I LE EI I bs I I I Fd I Yii Yu Yi I I I i i... bit_sttringl] 
HOOUOUUUUUUUUUUUW 
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HOUOUUUUUUSTLUDUUUUUUUUWUUUUUUO 
HUUUUUUUUUUUUUUUUUUUUU STLUUUUUUUUUUO 
adjacent_find[| prev_permutation[] binary_search[| push. heap[] copy[] random. shuffle[] 





copy. backward[ |] remove[] count[] remove. copyl] count if[] remove. copy. if[] egual,[] remove. if[] 
egual range[] replace[] filll] replace copyl[] fill n[] replace copy. if[] find[] replace 1f[] find 1f[] 
reverse[] for each[] reverse. copy[] generate[] rotate[] generate n[] rotate copy[] includes[] search[] 
inplace. mergel] set difference[] lexicographical_compare[] set intersection[] lower. bound[] 
set. symmetric. difference[] make heap[] set union[] max[] sort[] max element][] sort heap[] 
mergel] stable. partition[] min[] stable. sort[] min. element[] swap[] mismatch[] swap. ranges[] 
next. permutation[] transform[] nth_element[| unigue[] partial_sort[] unigue copyl[] 
partial sort copy[] upper_bound[] partition] ] 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoo 
HOUUUUUUUVUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoo 
HUHUUUUUUUUUUUUUUUUUUUUU C+H+UUUUUUUUUUUUUUUO 
UVOUUUUUUUUUUUWUUUTL fload] double[] long double] O O UUU 


A4 HOUUU0UU STL 


UISHUUHUUUUUU CHUUOUUUUUUUUUUUUUUUUUUUUUUUo 
JUIUDUUNUIUNDUUUDUUDDUUUUU c++0 STE "QOUOUUOUUUUUUUUUUO 
JIUDUUUODUUDUDUUDUDUDUUDUUDUUUUUUUDUUUUDUUUDUDUDUD 
JIUDIUUUODUUUUDUUDDUDUDUDUUUUUUDUUUUUuUUuDUuDUDoUD 
JUIUDIONUIUUUDDOUUUUDUUUUSsTUUUUUUUDUDU 

JUIUDUUUUDUUDUUUDUUUUUDUUDUUDUUDDUUDDUDUUUU 
JSTLIUUUUUUUUUUDUUDUUDDUUUUDUDUDUUUUUUDUUUUWD 
JUIUUUUIUNUUUUUDD STEUDDUUDUDUUUDUDDDUUUDUDDUDUUUUUWD 
JUIUUUUUDUUDUDUUUNUUUUUUUUUUDUUUUUUUuDnuDu 

JUIUDIDUUDDDDUDDUNUUUUU STUUIUUUDUUUUUUU STEDU UU LU 
JUUIUUIUOUUUDUUUUUDDUUSTIUUUUUDIUUUUUUUDuUUuUuu 

JuIUUDUSTLU sell | UI U3 Uu i Ui uu UU sel LI I ind] OCOL 


//: INTSET.CPP -- Simple use of STL set 
#include <set.h> 


void main() { 
| set<int, less<int> > intset; - 
for(int i = 0; i < 25; i++) 
for(int j = 0; j < 10; j++) 
// Try to insert multiple copies: 
intset.insert (5) ; 
// Print to output: 
copy (intset.begin(), intset.end(), 


[1] [] Alexander Stepanov[] Meng Lee[] O U U UU C++0 Ul Ll 
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ostream iterator<int>(cout, "\n")); 


) 


sell ll il Uu UU UI UI Uu Uu Uu UU UU Uu UU UU UU UU Uu Ui Uu ui LU 
UUUU insetOU DEI UU UU Uu UU i uUG2UU Ii un i uu Uu u 

copy) ll I Uu HU I. U I UU) set UUUY besinOll end O UUUUUUUUUUO 
UU copy(OUd Ul lli Uu 8BU Uu UU iu I ili un Uu Uu Uu Uu U3UUUUDnuUuUuno 
JIUDUUUDUUDUUDUUUUDUDUDUUDUDUUUUUUUUDnuuuuuuunoD 
JUIUDUONUUUUDDDUDiad] OU OOD cell iu UU I Uu pU I UU 

copyOllU I UU Uu Du UU iU UU UU UU UU Uâ3 Uu HUU i iu gUn IU LU 
OUOOGHUUÖUOUOUUOUHUODOOD copyold lU lli lUi lu gu Ii Uu HU I UI Uu iL 
UOU0 Ww 

JUIDDUDINTSELCPPIIUUIUUUUDUUDUISUUUUDUUUDUUDUDUU 
UOUUUUUO 


//: CONCORD.CPP -- Concordance with STL 

#include <set.h> 

#include <fstream.h> 

#include "..\allege.h" 

#include "..\14\sstring.h" 

const char* delimiters = 
" At; ON  <>:() [] +-=8ttt., /\\" 
"0123456789"; 


main(int argc, char* argv[]) ( 
allege(argc == 2, "usage: concord filename"); 
ifstream in(argv(l]); 
allegefile (in) ; 
set<Hstring, less<Hstring> > concordance; 
const sz = 1024; 
char buf [sz]; 
while (in.getline(buf,sz)) { 
// Capture individual words: 
char* s = strtok(buf, delimiters) ; 
while(s) { 
concordance.insert(s); // Auto type conv. 
s = strtok(0, delimiters); 
j | 
) 
 // output results: | 
' copy (concordance.begin(), concordance.end(), 
ostream_iterator<Hstring>(cout, "\n")); 


bo 


JUIDUDNUIUIUUDDDDUL Hseing] UU ind] UUOUUUUUUUUUUUUUUY 
strok)l I UU I Uu U U I O INTSETCPP ] I UU UU Uu UU UI Uu UU Uu I Uu i 
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UU 


STLHOÖHOOÖOUOUUDU 
JUL 


vector 


list 
degue 


stack 
gueue 


priority_gueue 


multiset 
map 


multimap 
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IUIUUIDDUDUUUUADUDIDUDUUDDDUUDUDOD/ 
IUIUUDUDDUIDUDDUUD bee I I I I'L] 

UIUDDUUDUDUUUUUD UnDUDUUDnnD 

UIUDDIUIODDUIUUUDUUDADUUUDUUUUDUUU 
IUnIADUDIUIUDUUDUU 

OOOOOD vector list deque] VUOUOUUUUU 

OOD list degud] O I IL] 

UUUOUUUUY topO,pushOU popOU OU UU YU vector) 
degue[] WO UU 

JUUIUIUDUDDUDUDUD 

IUIDUIDDUIUUDDUDUDU 

UUIUUUDUUUDUDUUDUODUUDUDDU (ash) 


OOODOODOODODOSTODOODOODODODODOSTODODOU 
A5 asmi 0 0 


JUIUUIUUUNUNUUC—UDUUUDIUUDDUDUUUDDUDUDUUUUUDUDULU 
UOUCHOUUUUUUUUUUUUUUUUUE CH+UUUUUUUUUUUUUUUUOO 
HUUHOUUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUaad 
JUIUUUUUUUUUU 


A6 VOUUUU 


UDUIUUDDDUUUUDDUUUUDDDUUUDUDDDD &0 I0 UUUUU 
UUUU CUHUUHUWHUUUUUUUUUUUUUUUUUUUUUUUUUU c++0 000 
JUIUunuuuuwuu 


U UU U Uu 

and &&([][][]) 

or 100000 

not INUOUUU 
not_eq =H OUUUUUU 
bitand «OOO 

and. eg &=UUU0UUU 
bit or (100000 

or. eg =00 00000 
xor EUUUUU 
xor_eq =O UUUUUUU 


compl ~O 1000 
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1000 "UUUCHOOUUUUUUUUUUUUUUUUUUUUUUOUUUUUO 
HOU 

OODONOODODODODODNINDD Dan Saks[] [] Tom Plum[] U OU “ C++ Programming 
Guidelines”[] Plum Hall 1991[][] Scott Meyers(“ Effective C++” [] [] ] 2 0 Addison- 
Wesley, 1992)[] Rob Murray[]" C++ strategies & Tactics” [] O O [O Addision-Wesley,1993[[] O O 
HOUOUUUUUUUUUUUUOD 

LQOUOUCHOUUUUUUUU CUUUUUUUUUUUUUUUUUUUUWO0$ 
HOUUUUUWUC+HOUOUUUUUUUUUUUUUUUUUUUUUUUUoUoUo 
HOUU COUUC+HOUUUUUUUUUUUUU CHU UUUUUUUUUUUUUUG 
UU 

20U0U0U0UHUUUU0UUUUUUUUUUUUWUUUUUUU OU UUUOUUU 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoo 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUoUUUo 
HOUUUUUUO 

3. lHllUlUlUluuuunnnnnnuuuUuunnnunuuuuuunnnnnnmumoun 
HOUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 

4HOUUUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUO 
HOHUUUUUUUUUUUUUUUUUUUUUUUUUUY private, WHUUUUUU 
U public] WOHOUUUUUUUUUUUUUUUUUUUUUUUU publich OUOU 
UULOUUOUUUUUUUUUOUOUUOLIT privateJOUUUUUUUUUUUUUUUUO 
UU protected] III UI i Ui Il Il ui I Ui Uu Ui i Ii Ii i ii i i Il Ii i i l i Ui il UI I. I 
HOUOUUUUO 

> lll I Ii i i I Il UU i i HI Il iu Hi i i Il l I i i li I i i i i I i. CHU 
HOOUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 

6 HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUO 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoo 
HOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoo 
HOUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 

TOUHUUHGUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoo 
(Andrew Koenig] ]10000000000000000000000000000000 
HOU 

S HHUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUo 
HOUOUUUUUUUUUUUUUUUUUUUUUUUUoUo 

9 II I ui ui ul ui ui i Fi ui u lU i i Il Il Ii Ii ui uu uu iu Ii Ii Fi Fi U l I i i Ii Ii I. LL 


I] OOUUUOUY Andrew Binstockl]l] I UU I.D]. Unix ReviewQQOOUUUUUUU 
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JUIUDUUONUIUUDDUUUUDDUOUUUU 

10. II Ul Uu UU UU i Uu 3 Uu ulUUUuUuUuunnnuUuDunuun”Dunuuouu 
JIUDUUUUUUUUDUUDDUUDDUDUUUUUUUUUUuUuuUuuwDuuunob 
JUIUDUUUUUDUUDUUDDUUDUDUDUUUUUUUUUUuuUu-——UuUUuD 
JUIUUIUUUUDUNUUUUDUUUUUUDUUUUUUUUUUDUUUUDDUD 

uUnUDUDUUUUDUDUUUUUDDDUUUDUUDUDUUUUDUUDU 
JUIUDUUUUUUDUUDUUDDUUDUDUDUUUUUUUUUUUUuUDUuDUDUuD 
JUIUDUUUUUUDUUDUUDDUUDDUDUUUUUUUUUUUDUuUUuDUuDUuno 
JUIUUOUUUDDUUUUDDUUU 

I2UIUIUDUDUUUUDDUUUUDDUUUUDDUUUDDDUUUDDDUUDUU 
JIUDUUUUUUDUUDUUDDUUUDDUDUUUUUUUUUUUUuUUuDUUDUuD 
ODI 

BUIUIUDUUUUUUDDUUUUDDUUUUDDUUUDDDUUUDDUUUU 
JUIUUIUUUDDUUUUUUUUUUUUUUUUUUUDUUUUDDUUUDDUUU 
JIUDUUUUUUDUDUUDDUUDDUDUUUUUUUUUUUDUuUDUuDUuDuno 
JUIUDUUUUUUDUUDUUDDUUDDUDUUUUUUUUUUuUuuUuuonuuuno 
JUnIUDDUUUUUUUDnDUUuuuuunnuunuUuuunuunuUunnununuuu 
JUIUUUUUUDUUUUDUDUUUUUDUUUUDDOD 

I4l]JDIUUDUNIuUUUUuUuuuUuUDUNnguUUDnu isaeUl UDDUDD” hasa'l) 

1. IUUUUDUDUUUUDUUDUUUDUUUUDUUDUDUDUNUDUUUD 
JUIUUDUUDUUDDUUDUDUDUUUUDUUDUDUDUUDUDUUDDUDUUUU 
JUIUUIONUIUUDUUDULU 

16. VUUUUUUUUUUY protected I IU Uu T3 Uu Ul iu Uu Uu iL 
JUIUDUUDUUDDUUDDUDUUUUDUUUUDUUDUUDUDUDUDUDUUUU 
JUIUUONUIUUUDUUUUUDDUNUUUUDUUUUUU 

7UTIUIUUUDUUUUUDUDUUUDDUUUDDDUUDUDUUUDUDUUUU 
JUUUUUDUUUUUUDDDUUDUUUUUDUDUUDUUUDUUDUUDDIUUU 
JUIUUIUOUUUUDUDUUUUDUUUUUUDUUDUUUUDUuUunu 

ISUUIUUUDUUUUUDUDUUUDDUUUDDUUUDUDUUUDUDUUWDUU 
JUIUDIUOUUUDDDUDUUDDU vito) OUUUUUUUUUUUUUUUUUUO 

19. |l lunluuuulnlunuuluSuoSuGuuunuuunununuuunob 
JUIUDUUUUDODUUUDUDUUUDDUUUUUUUUUDUUUUDDUUUDDnD 
JUIUUUUUDDUNUUUUDUULU 

20. IH0lUUUunnuun”unnuununuusnunguunuuununuunnnuu 
JUIUUIUUUUDUDUUUUDDUDUUUUDUUUUUDUULU 

2IIlUuUununuuu”unuunungUUununguuunuuUunnunuunnnunu 
JUIUDIONUUUUDDOUUUUUUUUUUDUOUUUUUUUULU 

2 HUUUUUUUUU C-HIHUUOUUUOUOUOOUOOUOUOOUOUOUOUOUUOUUI 
JUIUDUOUUDUDUUDDUDUUUUUDUUUDUDUUDDUUDDUDUUUU 
UUUUUU 

23. UUOUUUOUU" UUDUUUUUUUUUUUUUOUUUUUUUUOUUUO 
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JIUUDUUUDUDUUDUUUDUUDUUDUDUUUUUUUUUDUuuUuUuuuuunob 
JUIUUIUUUDUUU HDUDUDDUUUUUU 

24. Il UUuPuuluuUunnnuununuuu”unguununguuunuuununuunu 
JUIUDUUUUDUDUUDDUUUDUDUDUUUDUUUUUUUUDUuUuUuuuuunoD 
JUIUDIUOUUUUDDUUUUUDDUDUUUUUUULU 

5.llUlUUnuuUunuuuUnuuuUuUuuuuUuuuu'-' UnIUDUuguUUuuuUnuuu 
JIUDUUUUDUDUUDUUUUDDUDUUUDUUUUUUUUUDUuuUuuuuunoD 
UNnu”-'UUUUUUUUUUUUUUUUUUUUUUUUUDUUUUUUUDUD 
JUIUUIUUUDDUUL 

2.UUlUIUumUuuunuUuuuUuuUDuUuUuunuUuuU- UUIUDUUUUDL 
HUOUOUUUO 

27. HH UWU UU UUUUUUUUUUUUUUY 3U0UU0UUUU Cheshire cat O L 
JUIUUUUUUDUDUUUUDDOD 

2sUUIUIUUUNUUUUDUOUUUDUUUDUDUUUU 

29. UIlUlUuululunluunDungunuununuununguuuuugnuuuunnnunu 
JIUDUUUUUUDUUDUUUDUDUDUUDUDUUUUUUUUDnUuUUuUuuuunoD 
JUIUUDUUUUUUDUUDUUUDUDUDUUDUDUUUUUUUUUDUuUUunuuunob 
IUUUUUUUUDUUUDUUUDUUUDUUUDUUUDUUUDUUUDUU 
UU 

30. JUÖGHOUHOUHUÖUOUOUUONUODUONUOUUNUUNUUOUOUUOUUUUOUUUOUONU 
JUIUUIUUUUDUUUUDUUUUUDUDUUUDDUUU 

31L.UIUUUDUUUDUUUUUUDUUUDUUUUDUUDUDUDUUUDUU 
JUUUDUDUUDUUDDUDDUU osreanlll]UWlUUDUUUunuuguununuuno 


ostream[] [] 





class ostream[] 


JUIUUOUOUUUDODUUUDDUDUUU ostream O O OOOO typedef O I I UI. 
OUOUÖHOUHUDU 


#include <iostream.h> 


JIUUUUDUDUDUDUUUUDUUDUUDUDUUUUUUUUUDUuuUuUuguuonuuunoD 
JUUUDUUUDUUUDDDUUUUUDDIUUUUUDUUUUUDUDUUUDDUUUWDU 
00000 

32.lUIUIUunuUuuuUuuuUuuuUunuUunuuUuDnuuUnuuuUunu'”-'U 
JUUUx-0lUlUuUunuUuunDuununuUnuuw”nu *esbllll liuunluUDuUuuunwnu 
[] A-B-C[ O L 

33. lll Ul lUUUUDnDDnUUu costHOUUUUUUUUUUUUUUUO 
JIUUUUDUDUDUDUUDUUDUUUDDUDUUUUUUUUDnUuHnuguuonuuunoD 
JIUUUUDUDUDUUDUUDDUUDUDUDUUUUDUUUUDUUmuuuoDuuunoD 
JUIUUUUUDDODUUUUDDUUUUDUUULU 

34UUlUululunluuUuUununuununUuuuunuUunDunuuUusDnununu 
JIUUUUDUDUDUUDUUDUDUUDDUDUUUUUUUUDnUuunuuuonuuunoD 
UOUOQUUHO return] [] 
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return foo(i,j); 


IUIUUUNuuUu”Uu”uUuuUuuuuunnnw 

foo x(i,j); 

return X; 
IUUunuununuunuununuunumnununuwn 

35. ll IU Ui I Ul I Uu il lUuiu lui i ll UUuuuuuuUunuunumununun 
IUluUuuuunununuunuunnununuunuunnunumuunununumnunmnn 
IUluUuunuuunnuunuunununnuunununnunnuununnumnunnun 
IUluUunuuunnuunuunununnuunuunnunnuuununnumnunnun 
OUUU 

36. JUHU UUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUoUo 
HOUUOUUUUUUUUUUUUUUWMUUUUUUUUUUUUUUUUUUUUoo 

37. IU I i iluUuUlUnuununnunuunuuunnuununnununnnuunwn 
ANN 

38. II I IFI Ui II Ii cU Il UI uu I h i i iu uu UaU iiu uu Ui Uu Ui uu I i. 
IUluUunuununnununuununnnuunuunununnuununnumununnunn 
IUUunuunununuumnwn 

39. II I Ii UI lIu ui u ll iu Pn iu Ii Uu u iu UU i u I Uu i Uu u In i Ui iL 
Inlnluuuuunnunuun iuuuununuumnuunnunuununuumnunn 
IUluUunuunnuunuununnnuunununuunnuununnumnununun 
IUunuununnumnumunnmnnmunwn 

40. lIu I i Ui i uu ui UU Ii iunuunlnuunuunnuuunumununnu 
IUunuuuununuununnuunnnuunuunnunnuunnnuwn 

41. lll lUlUuulnunuuunnuuunnuunuunnuuununununnu 
IUluUunuuunnununuunununnuunuunununnuununnumununn 
IUUunuunnwun 

42. 0 O O sSTDIOHI I I UU I prin fOD I I Ii Uu Hu IU Uu HU LU iu Uu i UL 
IUlUUuUunuununuuuunuuununnuunuunnnuunnnnu 60 AUL 
HOUOUOUUOUUUU CHU0U0U0000 cHU 

43. UU U CUUUUUUUUUU CHUUUUUUUUUUUUUUUUUU CHILD 
IUunuununuunnunuunnnwun 

4. lUlUIlUunlnunluuunlnuuunnuuunnununuumnuunnumnununnunu 
IUIUUIUNuUuuuuuuuuuuuuuuuuunuuuuuunuununuunmun' * 
IUluUuunnmuunlnuuunuunununnnuunuunnununuununnumnunwnun 
IUunuunuwn 

45.U0lUlUlunlnulumunlnuuunnuuunnununuumuunnuunuunuumu 
InlnluUuunnuuuunnununnuuuunnnmnununnununnnununwn 
InlnluuunnunuuuunnunuulnnuuunnunuunnunuunnunuwnnD 
IUIUUUNUUUUNUUNUIUUUUUUUUUUUNUIUUUUDUDUUDHU'” -'UUUDUUL 
OOOO 

46. O UU" fooa-b;” JO0OO0OUOUOUUOUOUUODUODUUUUODUUUUOUUUOUUU 
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120000U000° =-UUUDUUUUUUO fooab” IU UU I U UI UU UI LU 
JUIUDUUUUDDOD 

7UluUc-UUUUunuguuDuunUDuUuDuDnunuUuunuuuuuunuuuno 
JUIUcIUDUUUUDUUUDUUUUDUUUUDDUUUDUDUUUUDUUUuD 
JUIUUIUOUUUDUNUUUUDUUUUDDUUUUU 

4s.UIUuUuulululuUuuuunuuununuuunuuuDnunuuunun C++ 
JIUUUUUUDUDUUUUUUUUUDUUDUDUUUUUUUUDUUUUuuuno 
JUIUUUUUDDUUUUDUULU 

49. Il UI i Uun uu Uu uuUuUuuuUuDUunDuUuDDnuUuuununuuouu 
JUIUUUUUUDUNUUUDUUUUUDDUUUUU 

50. UluIlUlUunnuun”unuuuunuuuunuusnunguuuuunnununw 
JIUUDUUUUUUDUUDUUUDUDUDUUUDUUUUUUUUDUUUUDUuUunD 
JUUUDUUDDDUUUDDUNUUOUDUDDD assertOUWUUHUUUUOUUUUUOO 
UU 

5. 1JUÖUOOOUOUUOHUOUOUOUUOUOUOUOUUOUUOUOUOOUUUOUOUOUOUUOOUOUUI 
JUIUUIUUUDUUUUUUUUUUUUUUUUUUUDUUUUDUUUUDUDUUu 
JUIUUUOUUUUDUDUUUUDUODUUUUDUUUUUDUUDUUUDU 

52. 00000000L L set_unexpectedO) [I I LI I U unexpectedOUW 0000 
[Q unexpectedOU Ul UU Uu DU IIu U3 Ui Uu iu U3Uu uu Uu UU Uu UU Ii ui uu uu 
JUIUDUIUUUUDOUUUUDUNUUUUUDDUUUUDUULU 

53.0000000 terminateOQW Il I BU Uu Uu U3UUDnUUUUUuuUuu 
JUIUUUUUDDUDUUDDOD 

4Ul0luuluUlunluuUunnguununuUuusnunguuuuUununuUunnnuu 
JUIDDDUDUU terminatteOUUUUUUUUUUUUUUWUOUUUUUUUUUUUO 
JUIUNUIUUUDDUUNUUUDDUDUUU 

55. 00000000000000 UU'UUUUUUUUUUUUUUUUDD U 
JUIUUIUUUDDUUUUDDOD 

56. WH UL I I i fo I Ui Uu Pl UL UI Uu 8UNI Uu UU i fel U3 Uu â UU i Uu i i i'u 
JUIUUUUDfrlllUlUUUUuUuUunuDnunuDnnuDnu foIOÖUOUOUOOUUUUU 
ODI 

7UUIUNUIUNUUUUUUUUUDUUDUUUUUUUUUDUUDUDUDDDUUDUD 
JUIUUUUUUUDUUDUUUDD 

58. HlUlUUDlUunnuuunnuuuunuuuunguunuDguuunuuununnuunu 
UIUUUUDUDDOUONDUUUUUUUUDUDUDUD sell i I UU Uu UU UU UU I Uu. 
JIUUUUDUDUUDUUDUUDDUUDDUDUDUUDUUUUUUUUUuDuuunob 
JUIUUUUUDUDDUDUDUUDUDUDUUNUUOUOUUOUUUDUUUUU oU UU Du 
JnUUunolUUunuuDnuouunu 

59. lU I UI LI newl] delete] I UU Uu BU UU I Uu UB UL Uu UU ui ul u'n Ul o 
new[] delete] WNUUWHUUUUUUOUUUUUUUUUUUUUUUUUUUUUUUO 
new[] delete] I I Ui Uu âBUU I U< iu Ul UU UU UU UU uu uu ui uUGlAunuunouno 
JUIUUUDUDUUDUUDUDDDUUUNUONUODUUUUUUDULU 
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60. VHUHUHUUUHUUEUUUOUUEUUUUUUUUUUUUUUUUUUUUO 
JUUDUOUUDUDUUDDUDUUUUDUUUUDUODUUDDUDUDUDUUUU 
JUIUUUUUUUUUDDDUUDUUDDU MOWUUUUUUUUUUUUUUUUa 
JUIUUIUUUDDUUUUDDUUUUUUULU 

cI.IUUUUDUDUUDDUDUUUUUUUDUUUUDUUDUDUUUDDUDUU 
JUIUUUOUUUUUUULU 

62. IUIUUIUuUuuUDuUUUuuuUuuUuUDuUUuu uUUUUUuu'uUDUUUuUuUuuUDLu 
JIUDUUUDUDUUDUUDDUUDUUDUUUUUUUUUUUDUuUDUuDUUuno 
JIUDUUUDUUDUDUUDDUUDDUDUUUUUUUUUUUDUUUDUUUuD 
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NOG UOUUUUL 


HUUUUUUUUUUOUUUUUUUUUUUUUUUWUUUUUUUad 

JUIUDUUUUDUUDUUUUDUUUUUDUUDUDUUDDUUDUDUDUUULU 
UUUUIUUUUuuUuuuU OUOU 
UUUUuuw UuUUIUUUUUuu UUUUU'UUUUUUUUUUUUUUUULl 
JIUUUUDUDUDUUUUUDUDUUDDUDUUUDUUUUDUuUunuuuoDuuunob 
UOUUUU 


c.1 OODOUUOUUUOU 


100000000U00400° shapes” QUDUUUUUUUUUUUUUUUUUOD 
HOUUUUUUUY draawOU UU UUUUU drawodd I UI I I I UI Uu DU hi Uu I Uu Ii ui 
IUUnnDuunuuuunnuuuuuuunnuuununuunnnuuunnuunwuno 
UUlUHniauDuuuuunnumuuuulnuunuunnuunuunnunuuunn 

IUUunnDuuuuuuuununuuuunuuunnnuuuuuuunnnuuwmunu 
IUlUuuuuuuunuuununuuunuuunuuunnuuununununuuunD 
IUUlnDuunuuuuUunnnuuuuuuunnuuuuuuunnuuunuuunouno 
UU UiUUuuuuUuunuuUuuuuunuuuuunuguuuu UUUUUUUUUU 
UOUUUUUU VTABLE} UUUUUUU VPTRUOUOUOUOUOUOUOUUOUOUOUOUOUUOUUU 
IUUlnDuumuuuunnnuuuuuuunnuuuuuuunnuumunuunouno 
IUlnluluUuuuulnuuuuunnuunuunuwuu 

IUUnuuuuunnuuuunnuunuunnuumnunu 

Q shapell I i i Ui I Ui Ii ual UU Ui Uu i uuuuuuuuunuuuUunDDnDnnouu 
UOUUOUUUUUUUUUUUUUUUUUUUUUWUUUUUUUUUUUUUY circle 
sguare[| triangle[] [O O J OU 

Coplien "O O0 00000000000“ UUUUU UUUUUUUUUUUOUUO 
HUHUOUUUUUOUUW UU" CUUUUUUUUUUUUUUUUUUUUUUUo 
IUIUnDuuuuuuUunnnuuuuuuunnnuuuuuunnuuununuunuoun 
UDunuuuuunnuuuuunnuuuuunuuuuuunuunuuun 

OOO shape I I FU UI UI i UL 

//: SSHAPE.CPP -- "Virtual constructors" 

// Used in a simple "shape" framework 

#include <iostream.h> 

#include "..\14\tstash.h" 


class shape { 


[1] James O.Coplien[[] OU OU C++] U 0 U 0 UU UL) Addison. Wesley, 1992[] 
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shape* S; 
// Prevent copy-construction & operator= 
shape (shape&) ; 
shape operator=(shape&) ; 
protected: 
shape() { S = 0; }; 
public: 
enum type { Circle, Square, Triangle }; 
shape (type); // "Virtual" constructor 
virtual void draw() { S->draw(); } 
virtual -shape() { 
cout << "~shape\n"; 
delete S; 
} 
); 
class circle : public shape { 
// Prevent copy-construction & operator- 
circle(circle&); 
circle operator-(circle&); 
public: 
circle() () 
void draw() ( cout << "circle::draw\n"; } 
-circle() { cout << "~circle\n"; } 


}; 


class square : public shape { 
// Prevent copy-construction & operator= 
square (square&) ; 
square operator- (sguare&); 

public: 
sguare() () 
void draw() { cout << "square::draw\n"; } 
~square() { cout << "~square\n"; } 


); 


class triangle : public shape ( 
// Prevent copy-construction & operator- 
triangle (triangle&) ; 
triangle operator=(triangle&) ; 

public: 
triangle() {} 
void draw() { cout << "triangle::draw\n"; } 
~triangle() { cout << "~triangle\n"; } 


bi 


shape::shape(type t) { 
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switch (t) ( 
case Circle: S 





= new circle; break; 
case Square: S = new square; break; 
case Triangle: S = new triangle; break; 


} 


draw(); // Virtual call in the constructor 


} 


main() { 

tstash<shape> shapes; // Default to ownership 

cout << "virtual constructor calls:" << endl; 

shapes.add(new shape (shape: :Circle)) ; 

shapes.add(new shape (shape: :Square) ) ; 

shapes.add(new shape (shape: :Triangle) ) ; 

cout << "virtual function calls:" << endl; 

for(int i = 0; i < shapes.count () ; i++) 
shapes [1] ->draw(); 

shape c(shape::Circle); // Can create on stack 


} 


UU shape] I OOOO shaped OUUUUUUUUUUUUUUUUUUUUUUUo 
O0- UUUIUU'”'UUUUUUUDUUUDUUUDUUUDUUUUUUUDUDuuuno 

typel] O O O shapel] O O shape I I II Uu Hu Uu U&3U U IU TU Ii Uu UU i Uu I iL 
UUUOUUUO shape lU I UL i UU Uu Uu Uu Uu UU iiu Ui i Uu Tm i Dl UU UU type 
OUOGHUOUÖUUOUOUOOUL saell lU Uu i Uu Uu UI iu BU I UU UI I i LU I. shapel] 
UUU shape] Ui UD UUUUUUnUUUuuuunnuuUuuuuuunuuuu 
JUIUDIUUUUUDDUUUUUUUDUUNUUUUDDODUUUUDUUDUUUUUDUD 30 
0000 cheshireca” Jl]nUUDUDUDUUUUUUDuUuUDnuuUDuuUuuuUDnuu 
HUUUUUUUUOUUUUUUUUUUUUUUO 

JUIUUDUUUUUUDUDDUUUUUUDUODUDUUDUUUDUUUUUUULU 
JIUDUUUUUUDUUDDUUUDUU—UUUUUUDUDUUDUUUUUDUUUD 
OOOO“ UDUUU'UUUUUUUUUUDuUuUUDUuuUUuuuuUl 

“OOOO” shape] typed UU I UU I UU UU U UU U DU UU UU UU UI D.U 
UUUUU UY classshapelll Ul UI Uu UU i UU Ui I i iU; protected] VUUUUU 
UUU shape] UD UU Ui Ul ui ul ill iUuUuunuuUDuuuuuoDuuuu 
JUIUUDUDUUUUUUUDUDUUDUUDUDUUUDUOUDUUDUDUUUUuununwnu 
UOUUUUUHY shapettypy JHÖUUHUDOD shapell A 

JUUUUUUUDUUUUDUUUUDUUDUUDUD—UUUUSUDDDDDDU oU 
JUnUUUUUuuuUuuUnnUuuuuuunmugunnwnu”ud — DU Coplienl] O 0O UL 
“UU'UDU'UDU”—-UUHIUUUUDUU' UU'UUDUUUUuUDuuUUuuno 
UNnIUUUSUU' UU'”UUSUUDUUDUUUUUUUUIUUUUUUU'DU'DL 
SIlUUUIUUUUUDUUUUUUUUUDUUUUUUDUUU'UU'UUUUUU 
JnIUUnuUusiolnnnnnuuuuunuuwuuruw 
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'UUlUUU'UUUUUUUUUUUNUUUUUUUUUUUUUUUUUUDUDUD 
INDUDUDDUUUDUUHDDUDUDDUUUUDHDDUDDUUUUDNHDDDUDDDOL 
HOOHUUUUUUUUUUOUW 

HOUUUUDUUUOS swithYOUUUUUUUUUUUUUUUUUUUUUO' Oo 
HU" UIUUUIUUUIDUU UU COUUUUUUUUUUUUUUUUUUoUUO 

UOGHGLÖUOUUUUUUUUUOUOUUOUOUOUDL drawOU UVUUUUUUUUUUUUO 
HOUUKWUUUUUUUUUUOSD shape O drawo]00006000000° UO’ OU 
SUUUUU* OU" 0 drawOUU UU shape I I UI UI UI iu Ui i Ui I Ii Ii Ii i i I ui. 
HOUUUOUUODODOUUUUUUUUUUUUUUUUUUU uUn”"UUDHUUHUUU 
HOUHOUOUUODUUUODUUUODUUUOUUU uu'UnuUDUngUuDUnguDnuu 
IDDL 

OOO0OOOOOOOOOOOOOO mano0000000000d sou’ 00000 
shape] UO UUUUUOUUUUUUUUUUUUUUUUUUUUUUUUUOUO VPTRO 
HOUUUUUUUOUUUUUUUUUUUUUUG YPTRU O shapeYOUUUUUUU 
circle[] square [| triangle[] [] [| 

O for] O O ODL shapel] O drawOU EI EI EI EI EI EI EI EI EI vPTRUI I i UI I I FI II I I'L 
HOUUUUUUU shapeQJOUUUUUUUUUUUUU dewllll I I Il Il I Ui Fi Il Il I'L 
HOUUUUDUU drawOU0 UO UO" UU" OU SUOUU* gi” OU drawOU UOOUUUUU 
UOUÖLUUUUUUUUOUUUOUUOOUD shapeWVUUUUU" UOUUU" UUUUUU 
HOOHUUUUUUUUUUUO 


UOUUOU 


UUIUUUmUu uUUUUU”UUUUDuUuUuDuuUUuuUuUUuuUUUuuDUuuUuUuuDLl 
JUUUUUUUUUUUDUDUUUUUUDUUDUDUUDUUDUUDUDUDUUDUU 
UIUUUUUnuUUuUDUuuUUuuUUDnUUDuUuUuDuuUuUUUDU thid OUD” L 
O” O00“ OU" UUUOUUUUUOUUUU—UUUUUUUUUUUUUOUO 
UOU" OU” —UUUSUUUUUUUUUU” OO OU sU oU L protected] O OOU 
JUIUUIUUUUUDUDUUUDUUUDUUOUUUUUNUUUUDDUU SUOUU OU 
OOOO“ UOUUU" UUUUUUUUU9 

DOOUUÖUUÖHUOUÖUUHUODUOUUUHUDU 

2» TOUOÖUULOUUÖUUÖUUOUUOHUU 

UUIUUUUUUUUUUDUUUDUUDnuuUuu' OUN OUUOUOUUUOUUODOUOUOU 
l'UU”Ueis]0JUDUUlUDUIUUUUUDUDUUUUUUUUUUUUUUUUUDDULD 
Un” 00” 0O ths 0O00“ UU'USUUUUDU oU 

JUIUUUUDUDUDUUDUDUUUUUUUUDUUDUDUDUDUUUDUUUunu 
JIUDUUUDUDUUDUUDDUUDUDUDUUUUUUUUUUUuUuoDununo 
JUIUUUUUDUUUDC—UDUUUUUUDUUDUODOUUDUUDUDUUUUUUDu 
JUIUDUUNUUDU 

“AAEE 

JUIUUUUDUUUDUUUUUDUUDDUUUDDUUDDUDDDUDU shapel] 
HOUUUUY delete] —0 0 0 0O00 squared —-YUUUUWUUUUUUUUUY 
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UOUUOUUUUY delete] I I i i UL i UU] maino) O deletes GIO O 0O O L 

JD SWOUOUUO shape] JOUOUHUOUUUÖUOUOULD share I UI UI UU I. LU 
JNnIUUUUUDUUD squared IU IU UU Uu UU UU UI" UU UI Uu ' OOOO 
HOUUUUUUUO shapeGVOUOUOUUUUUUU UU" UUUUUUUUUUOO 
UOUUUUUU shape O UU VPTR[] shape] VPTRU O UU squared I U I I Ui Uu I UU I.D 
shape] I IU UU UU “ UU" DU UI SUL deleted O SUI UI LIU. square I UI. LU 
HOUUUUUUUUUUY squared I I UL 

OUOGOUÖUOUOUUOUHUOUHUODOUUODOUD squared I i iU I Uu u 8BU I Ui I L 
JUIUUUUUuUuunununuuunununnnununnnuunnnuU delete S 
UIUUUUUUDUUDuuUuuuUuu”uUuu” SUDUUUUUUD”UU” SUUUUU 
“OOU" UO" UD'”UUDUUUDUUUUUUUUUUUDUUUDUU delete] O I I UL 
UU 

UNnIUUUUUUUUUU”UDU'”'UDSUIUUUUUUUU'UU'UUDUDUDUUL 
OOOUD deleteo] I IU UL IIu Uu Uu DU I Ui: UD Uu I U U D.U] protected] I II. UU" 
JUIUUIUIUUDDOUUUDDSUUUDUUDD 


C2 HOUUUUL 


'UUlUUIU'UUUUUUUUUUUUUNUUDDUUUUUUUUUUUUUDUDUD 
INDDUUDUUDDUDDUDDUNHDUUDUDUDUDDUNHDDUNHDDUDHDDUDD DD 
HOHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUoUoUUoo 
HOUOOUUUUOUUUUOUUUUUUUUUUUUUUUUUUUUoUoU* Uo Moo" 
HOU 

.//: SSHAPE2.CPP -- Alternative to SSHAPE.CPP 

tinclude <iostream.h> 

#include "..\14\tstash.h" 





class shape { 

shape (shape&); // Prevent copy-construction 
protected: 

shape() () // Prevent stack objects 

// But allow access to derived constructors. 
public: 

enum type { Circle, Square, Triangle }; 

virtual void draw() = 0; 

virtual ~shape() { cout << "~shape\n"; } 

static shape* make (type); 


); 


class circle : public shape ( 
circle(circle&); // No copy-construction 
circle operator-(circle&); // No operator- 
protected: 
circle() (); 
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public: 
void draw() { cout << "circle::draw\n"; } 
~circle() { cout << "~circle\n"; } 
friend shape* shape: :make (type t); 


); 


class square : public shape { 
sguare(sguare&); // No copy-construction 
sguare operator-(sguare&); // No operator- 
protected: | 
sguare () (); 
public: 
void draw() { cout << "square::draw\n"; } 
~square() { cout << "~square\n"; } 
friend shape* shape: :make (type t); 


bi 


class triangle : public shape { 
triangle (triangle&); // No copy-construction 
triangle operator=(triangle&); // Prevent 
protected: 
triangle() {}; 
public: 
void draw() { cout << "triangle::draw\n"; } 
~triangle() { cout << "~triangle\n"; } 
friend shape* shape: :make (type t); 


); 


shape* shape::make(type t) ( 

shape* S; 

switch (t) ( | 
case Circle: S = new circle; break; 
case Square: S = new square; break; 
case Triangle: S = new triangle; break; 

) 

S->draw(); // Virtual function call 

return S; 


main () { 
tstash<shape> shapes; // Default to ownership 
shapes .add (shape: :make (shape: :Circle)) ; 
shapes.add (Shape: :make (shape: :Square) ) ; 
shapes .add (shape: :make (shape: :Triangle)) ; 
cout << "virtual function calls:\n"; 


for(int i = O; i < shapes.count(); i++) 
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shapes [i] ->draw() ; 
//Circle c; // error: can't create on stack 


) 


JUIUUDUUUUDUUDUUDUDUUUUUDUDUDUUDUDUDUUUDDUDDUDUUULU 
UOUOUUU eum} UO UUUUUUUUUUUUUUUUUU—UUDUUUUUUU 
HUHYOUHUUUUUUUUUUUUUUUUUUUUUY protected VOUUOUUUUUU 
JUIUUDUUDUDUUUUDUUDUUDUUUUUDUUDUUUUUUUUUDUDDUDU 
protected] WUOUUUUUUUUUUUUU 
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